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DEVISING A GRAPH-ANALYTICAL MODEL
FOR SITUATION PROJECT MANAGEMENT OF SCRUM-BASED PROJECTS
IN THE FIELD OF INFORMATION TECHNOLOGY

A graph-analytical model for situational project management in the field of information tech-
nology, which can ensure effective management decision-making, has been proposed. All features in-
herent in the implementation of the Scrum methodology used in the management of information tech-
nology projects have been taken into consideration. Ambiguous situations that constantly arise during
the implementation of projects affect their effectiveness. Therefore, constant monitoring of the project
efficiency will enable the project manager to make management decisions, which can contribute to
improving the efficiency of the project. The impact of changing situational factors on the situation,
which provides real-time monitoring of the situation for the project in Scrum conditions, has been
studied. The model of situational management is built on the basis of the complex application of graph
theory, situational analysis and expert methods, which ensure obtaining more accurate and reliable

information for decision-making in conditions of rapidly changing circumstances.
Knrouosi cnosa: Scrum, Sprin, factors, situation, graph.

Introduction The trend of globalization
and digitization of the modern world activates the
development of innovative technologies, particu-
larly in the management system. The best experi-
ence of applying such innovations, especially by
companies in the field of information technology
(IT), provides increased efficiency due to dual
management in current and strategic activities.
Therefore, it is important to implement the set
tasks by applying the project approach, which is
based on the Agile software development. In par-
ticular, Scrum is a framework that helps to in-
crease the productivity of developers. However,
ambiguous situations arise quite often. They are
unpredictable in nature and affect the effective-
ness of the project. As stated in [1-3], the basis of
Agile software development is a short cycle that
provides a minimum increase in the software
product, i.e. iteration. Paper [4] indicates that the
software development process requires constant
adjustment of the project cost with direct control
of quality, timing and duration. The use of Scrum
provides opportunities for an innovative ap-
proach to the management system. However,
within the framework of the iteration, the study
of various situations that may arise and affect the
course of the project is very important. Accord-
ing to Scrum [1-3], the dynamics of the imple-
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mentation of an IT project requires a clear state-
ment of tasks, a clear formulation of require-
ments, the distribution of processes between per-
formers, a clear coordination of actions and deci-
sions, and adaptation to the style of teamwork.

In the process of IT project management, it
iS necessary to ensure the flexibility of the soft-
ware product development processes, adaptation
to internal and external factors, based on the fact
that both the environment and the conditions for
the implementation of the IT project will change.
However, in most cases it is difficult to predict
how these changes will occur. Therefore, most IT
companies during the implementation of projects
choose to use the flexible Scrum methodology,
which ensures both product quality control and
the quality of the processes themselves.

In paper [5], the authors consider an IT
project as a complex organizational and techno-
logical system, which is characterized by inte-
grated management approaches, as well as strict
standards and principles. The peculiarities of us-
ing the Scrum methodology in the IT project
management system require taking into account
the possibilities of various situations that can lead
to negative consequences and affect the effec-
tiveness of the IT project.
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Situational management of complex organ-
izational and technological objects focuses on the
fact that the need for different management
methods is determined by a specific situation.
Situational analysis represents complex technol-
ogies of preparation, adoption and implementa-
tion of management decisions, which are based
on the analysis of a separate management situa-
tion. In the course of situational management,
methods of fuzzy logic [6], logic-linguistic mod-
els [7], training and generalization procedures are
used in the generation of management decisions
according to the current situation [8].

There are a number of methods that im-
plement different ways of the situational ap-
proach. Paper [9] considers methods focused on
the formation of an artificial language for de-
scribing situations and relations between objects.
However, the construction of a semantic model
of the IT project and the processes occurring in it
is not always justified and is cumbersome when
describing situations in the Scrum management
system. The process of creating a language is
quite time-consuming and does not always lead
to a positive result.

Paper [10] reports the results of situation
research based on a group of methods based on
the representation of the situation in the form of a
set of values of a fixed set of features. When
solving certain problems, these methods can be
combined, but it is necessary to take into account
a number of significant differences.

Our review of works [4-10] has shown that
the existing models and methods do not fully de-
scribe situations in Scrum and provide complete
and accurate information for making manage-
ment decisions in real time.

The use of situational analysis in IT project
management under Scrum conditions has a num-
ber of advantages that contribute to obtaining
more accurate, reliable and complete information
for decision-making in a changing environment.
Therefore, the development of a model for situa-
tional management of an IT project in the context
of the Scrum methodology is an urgent scientific
task. At the same time, for complex organiza-
tional and technical systems, it is necessary not
only to identify the current situation and the set
of management decisions corresponding to it, but
also to determine rational ways of achieving the
goals of the functioning of the IT project man-
agement system, for which it is necessary to cal-
culate the possible consequences of the sequence
of management decisions for several steps for-
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ward. These tasks require the involvement of ad-
ditional methods. The development of a graph-
analytical model of IT project situational man-
agement under Scrum conditions is the essence
of the scientific novelty of this study, which will
contribute to increasing the efficiency of IT pro-
ject implementation and can be used in the rele-
vant management system.

The purpose of the original work is to de-
vise a model of situational IT project manage-
ment in Scrum conditions based on the graph-
analytical method. This would provide an oppor-
tunity to make effective decisions, taking into
account the influence of external and internal
environmental factors at various stages of the
implementation of the IT project.

To achieve the set aim, the following tasks
have been solved:

- to investigate the factors of the external
and internal environment that shape the situation;

- to build graph-analytical model for situa-
tional project management of Scrum-based pro-
ject in the field of information technology.

The study materials. According to Scrum
[11], the effectiveness of an IT project is ensured
by a process framework that defines methods and
roles.

The foundation of Scrum is Sprint [12].
This is a time interval, the duration of which is
from one week to one month and during which
an iteration of the IT project is being implement-
ed. The completion of Sprint is the obtaining a
new working version of the IT product. Every
iteration of Sprint starts with planning. Sprint
Planning is the starting situation for evaluating
the content of Product Backlog. Product Backlog
is a document that lists the functional require-
ments for a product and prioritizes it. Sprint
Backlog is the functional requirements from
Product Backlog that the Product owner selects.
All functional requirements are distributed by
tasks. Sprint is made up of tasks that need to be
completed. In addition, for Sprint, an important
point is the formulation of the goal. The goal is
the motivating factor. The implementation of
Sprint Backlog tasks is aimed at achieving the
goal. Having a goal also helps the team to make
the optimal decision when there are several alter-
native ways to solve the problem.

Since the situational management of an IT
project is expedient to be carried out on the basis
of Scrums, the basic procedure for the implemen-
tation of an IT project in the conditions of scrums
is as follows (Figure 1):
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Definition of project requirem ents

U

Setting clear and achievable goals

J

Product Backlog Content Evaluation

Create a Sprint Backlog

n 3pnnts @ L

Retrospective

Figure 1 — Scheme for the implementation
of an IT project based
on the flexible Scrum methodology

During the life cycle of a project, a large
number of events can occur that are difficult to
foresee and study quantitatively. Therefore, it is
important to establish a causal relationship be-
tween situations, situational goals, tasks, as well
as the end result. Information about the factors of
the external environment and the internal state of
the IT project can be obtained using the method
of expert assessments.

Therefore, a combined combination of in-
tellectual and expert methods is effective. This
would provide more accurate and high quality
results. The reliability of the examination is en-
sured by a reasonable number of proposed fac-
tors, which allows not to go beyond the psycho-
logical capabilities of experts. However, the in-
formation obtained depends on the competence
of experts, which is a limitation of this
method [13].

Situational analysis is intended to assess
the current situation during the Sprint Planning
process and then during each Daily Scrum. The
following procedure is proposed, which should
be implemented using expert methods:

1. Examination of project situation:

« situational goals are determined;

« situational factors are determined;
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* dynamics of influence of situational fac-
tors is being investigated,;

» the situation is being formed and evalu-
ated.

2. Development of a graph-analytical mod-
el of situational management for Sprint:

» establishing a connection between situa-
tions and situational goals;

« formation of alternative solutions aimed
at achieving goals.

3. The procedure for choosing a decision
aimed at achieving a situational goal.

4. Analysis of the obtained results and
formation of the next situation.

To study the factors of the external and in-
ternal environment, we will apply the graph-
analytical method [14, 15], which would provide
the possibility of constructing a graph of the dy-
namics of the formation of the situation. Let the

situation be characterized by internal factors f;,
i =1, ..., n(Productivity of the IT project team,
Labor intensity of the IT project, Velocity, Defi-
nition of readiness). Each factor is assigned a
variable x,, which is a function of continuous

time r and characterizes the factor:

1)

X, (r) = &, + a7 +...+a, 7",

where a, are constants, | =1,....,k .

Over time, all situational internal factors
change. Moreover, factors fi J=1,.,ni#]

characterizing the events of the external envi-
ronment can influence the factors f;. Therefore,

the internal situational factor at the moment will
be expressed by the formula:

fi(z) =x(7) + iji xx;(7) 2)
i

where b ;; is the coefficient determining the im-

pactof f;, on f;. The valuesa;, b ; can be both

il
positive and negative.

In the graph of the dynamics of the influ-
ence of situational factors, the vertices corre-

spond to situational factors f;, edges ( f;;, f;,),
i,,i, =1,..,n,i, #i, correspond to the influ-
ence of f, on f;, having coefficients b;,;,. An

example of the graph of the dynamics of the in-
fluence of situational factors is given in Figure 2.
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0,1

?

01 . 0,2

Figure 2 — Example of a graph of the dynamics
of the influence of situational factors

According to (1), the functions characteriz-
ing situational factors are linear (k = 1). There-
fore, let's express them as:

X,(r) =3+0,4zr

X,(r) =3-0,47r (3)
X;(7) =5+0,27
X,(r) =5-0,27.

Applying relations (1), (3) to the graph in
Figure 2, we obtain:

k,(r) =3+0,47+0,2(3—-0,47) =3,6+0,32¢
K,(r) = 3— 0,47 + 01(3+0,47) = 23— 0,367
Ki(r) =5+0,2r + 01(5+0,27) + 0,1(5-0,2r) =
=6+0,2r

k,(r) =5-0,27 +01(2+0,5¢) + 01(2 - 0,57) =
=6-02r

If the necessary information is available,
the values of the situational factors are given by
numerical variables with a certain range of val-
ues. If there is not enough relevant information,
then linguistic variables with qualitative values
such as "very low", "low", "medium", "high",
"very high" level are entered. Qualitative values
are evaluated by the number of points on a spe-
cial scale (for example, a five- or ten-point scale).
In this way, linguistic variables are transformed
into numerical ones with a standard scope of def-
inition. Since it is rather difficult to measure the
values of the factors in the real system, we would
use the single linguistic point scale presented in
Table 1 for them.

The change in the value of situational fac-
tors reflects the nature of their change and corre-
sponds to numbers from the closed interval [0, 1]
with the sign "+" if the indicator increases, and
the sign "-" if it decreases. The stability of the
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indicator is represented by the number 0. The rate
of change (growth or decline) is estimated with
the help of limit points on the closed interval
[0, 1]: 0.1 — very weak; 0.3 — moderate; 0.5 —
significant; 0.7 — strong; 1.0 — very strong indica-
tor change.

Table 1 - Linguistic-scoring value
of assessment of situational factors

Linguistic assessment Point assessment
of meaning
Very low 2>f>0
Low 4>f>2
Average 6>f>4
High 9>f>7
Very high 12> £,>10
Super high f,>12

Thus, each situation is characterized by a
certain set of factors of the internal environment
with the corresponding influence of factors of the
external environment (Table 2).

Table 2 — Assessment of the situation
through external and internal factors

factor | f fa fa fa
S, |+05 |+0,7|+03 |+01
S, |+0,2 |+0,1|+0,2 |+05
S; | +0,2 | +0,2|+0,2 |+0,3

The graph-analytical model of situational
IT project management in Scrum conditions
should demonstrate cause-and-effect relation-
ships between situations formed as a result of
certain factors and decisions that should contrib-
ute to the achievement of certain goals. Depend-
ing on the obtained values of external and inter-
nal environmental factors characterizing the situ-
ation, one or another alternative solution is pro-
posed.

The graph-analytical model of situational
IT project management in Scrum conditions is a
graph whose vertices correspond to situations,
and arcs — to decisions aimed at achieving the set
goal (Figure 3). Situations are represented by
rectangles, to the upper sides of which arrows fit,
according to the set goals. The root of the tree
represents the starting (initial) situation.
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Figure 3 — Example of a graph of situations
of one Sprint IT project in Scrum conditions

We would demonstrate the choice of a so-
lution from a given alternative for a fragment of a

tree using an example situation. S,. We form Ta-
ble 3, where for each alternative solution {rl} we
match the value of factors f; obtained on the ba-

sis of (2). In the second column of Table 3
"weights" (priorities) of factors on a scale from 0
to 1, assessed by experts, are specified.

Table 3 — Predicted states of system
indicators

factor weight {rl } i
f, 0,28 +0,6 -0,6
f, 0,29 +0,2 -0,2
f, 0,20 +0,3 -0,4
f, 0,23 +0,2 +0,1
efficiency index
w(s,) 0,332 -0,283

For each column of factors f, the decision

efficiency index W(S,) for the situation S, is

calculated in the form of the sum of the values of
the indicators entered in the column by their
"weights":

W(s)=Yaf, @

where ¢; is the "weight" of the factor |, ; n is the
number of factors. Next, the graph (decision)
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whose efficiency index satisfies the accepted cri-
terion is selected. For example, if such a criterion
is considered to be the maximum of the index,

then a decision{r,} is selected on this interval

and a controlling influence is formed. The proce-
dure is repeated for the following situations.

Research results. As a result of the con-
ducted research, the following theoretical scien-
tific results have been obtained:

- cause-and-effect relationships between
the current situation, situational goals and deci-
sions are established. This provides opportunities
to assess the situation and make an effective
management decision for the IT project in Scrum
conditions;

- the effects of changing situational factors
on the situation, which provides real-time moni-
toring of the situation for the IT project under
Scrum conditions, are investigated,;

- an efficiency index is built for the situa-
tion in order to ensure the adoption of effective
management decisions.

Discussion of results. In terms of using
Scrum for IT project management, situational
assessment is important both for each Daily
Scrum and Sprint Planning. This will ensure the
ability to adequately and accurately assess the
current situation and make appropriate effective
decisions that will contribute to the achievement
of situational goals, as well as the avoidance of
future crisis situations. And this increases the
flexibility of the IT project. In such a setting, the
presented scientific problem is considered for the
first time.

Assessing the qualitative and quantitative
impact of the factors that shape the situation pro-
vides the opportunity to study the changes in the-
se factors that affect financial indicators after a
certain period of time and does not allow to
quickly respond to a change in the situation for
the studied IT project during the implementation
of each task This makes it possible to make the
necessary management decisions in the "real-
time" mode, which allows to reduce possible
costs.

The research is carried out on the basis of
an academic example of project management in
the field of information technologies, which pro-
vides an opportunity to illustrate situational IT
project management in the context of Scrum. It is
important to study the interdependent relation-
ship between various situational factors and build
an index of the situation's effectiveness. The re-
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search uses the method of expert evaluations,
which is a limitation of this study.

Conclusions As a result, in this paper, for
the first time, the factors of the external and in-
ternal environment that shape situations are in-
vestigated. This provides opportunities to moni-
tor changes in the situation in real time and its
impact on the effectiveness of the IT project.

A graph-analytical model of situational IT
project management in Scrum conditions, which
provides the possibility of obtaining a cause-and-
effect relationship between the exact situation,
situational goals and decisions, is developed. An
index of situational efficiency is proposed, which
would simplify the procedure of selection and
management decision-making in the process of
situational management. In the perspective of
further research, the obtained model can be ap-
plied in the construction of ontologies as the ba-
sis of an intelligent IT project management sys-
tem. This would ensure an increase in the effi-
ciency of the IT project due to the adoption of
adequate management decisions.
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_PO3POBKA TPA®OAHAJITUYHOI MOJIEJII
CUTYAIMHOT' O YIIPABJIIHHSI IPOEKTOM B YMOBAX SCRUM
Y COEPI IHOOPMAIIMHUX TEXHOJIOI'ITA

3anpononosaro epapoananimuuny Mooenb cumyayitiHo2o YRpasinHa NPOEKMOM 6 2any3i iHgopma-
YItiHUX MeXHON0zIU, Wo 3abe3neuums 8UpPOOIeHHs eqheKMUBHUX YNpasiiHCbKux piuiens. [Ipu ybomy epaxo-
8yIOMbCsL 6CL 0COOIUBOCII peanizayii Memooonoaii Scrum, Wo 3acmoco8yEmvbCsl 8 YNPAGIIHHI NPOEKMamMu
eanysi ingpopmayivinux mexronoeiv. Heoonosnauni cumyayii, ski nocmitino uHUKaromy )y x00i peanizayii
NPOEKMi6, GNAUBAIOMY Ha iX eghexmusnicmy. Tomy nocmitiiHull KOHMPOIb CUMYayitl y NPOEKMI 3a6e3neyums
NPOEKMHOMY MEHeOHCePy MONCIUBOCHE 8 ONEPATNUBHOMY NPULIHAINMIE YIPAGIHCOKUX PillleHb, W0 CHPUSE
nidguueHHIo eqpekmugHocmi npoexmy. Jlocriodicents Oa3yemMvbCs Ha 3aCMOCY8AHHE CUMYAYITTHOLO AHAIZY,
Wo npeocmasae KOMNIeKC MexHoA02i Ni020MOBKU, NPUUHAMMS MA peanizayii YNpasuiHCbKO20 PiluenHs
HA OCHOBI AHANIZY OKPeMO 838mol ynpaenincokoi cumyayil. /s koscrozo SPrint npoekmy 6 ymosax Scrum y
x00i Sprint Planning, a maxooic y nodarvwux Daily Scrum npononyemuvcs 3acmocyeéants npoyeoypu
CUMYaYIiHO20 YRPAGIIHHA, WO GKIIOYAE AHANI3 CUMYAUIIHUX Gaxmopie ma 00CiONCeHHs IX 6nauesls,
nooyoosy epaghoananimuyHoi Mooeni cumyayiiHo2o YNpasiikHs, 6uOip PIEeHHs, Wo CHPIMOSAHe Hd
O00CACHEHHS CUMYAmMUeHOL Yini, ananiz ompumanux pezyasmamis. I pagoanarimuuna mooenv cumyayii-
Hozo ynpasninna IT npoekmom 6 ymosax Scrum mae 0eMOHCMpPY8amu NPUYUHHO-HACTIOKOBI 38 A3KU
MIDIC CEHOPMOBAHUMU BHACTIOOK MUX YU THULUX (DAKMOPI6 cumyayisimu ma pPIUEeHHIMUY, WO MAlmb
cnpusmu 00CACHEHHIO GUHAYEHUX yinell. BcmanosienHs npuuuHHO-HACIIOKOBUX 38 A3Ki6 MIdC NOMOY-
HOIW CUMYAYiero, CUMYayitiHuMu Yiiamuy ma pileHHAMU 3a0e3nedye MONCIUBOCIE OYIHKY cumyayii ma
NPUUHAMMmA eexmugno2o ynpasuincokozo piwenuss ons IT npoekmy @ ymosax Scrum. Jocnioxcenns
BNAUBIE 3MIHU CUMYAYIHUX (PaKmMOpPIé Ha cumyayilo 3a0e3neuye MOHIMOpuHe cumyayii 6 pexcumi pea-
avHoeo uacy ons IT npoekmy 6 ymogax Scrum. 3anpononosanuil inoexkc eghekmugHocmi 01a cumyayii
0a€e MONCIUGICMb OYIHKU CUMYyayii ma npuiiHAmms 6i0N0GIOHUX YNPAGIIHCOKUX DIleHb, Wo 3a0es3ne-
Yums niOGUYEHHS eqheKMUBHOCE NPOEKMY .

Knrouoei cnosa: Scrum, Sprin, paxmopu, cumyayis, epag.
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METO/ KJIACTEPU3AIIIT KBA3IMEPIOAUYHOI'O CUTHAJTY
HA OCHOBI AJITOPUTMY KJIOHAJIBHOTI'O BIIBOPY

Y pobomi 3anpononosano iepapxiuno-imepamunuii Memoo Kiacmepusayii KeazinepioouuHoco
cucHay, wo 06a3yemvpCs HA AICOPpUMMI KIOHATLHO20 8i000pY, Nidsuwye WEUOKICMb MAd MOYHICHb
xknacmepusayii. [lonepednbo npogoOuUmMbCs nepemeopeHHs 3pasKiae (KeazinepioOuuHux OiAHOK) Ybo2o
CUSHATY 00 €OUHO20 AMAIIMYOHO-4ACOB020 GIKHA HA OCHOGI 3CY8Y MaA MACWMAOYBAHHA 3d H4ACOM
i amnaimyooro, THIHOW IHMEPROAYIEI0 MA OUCKPEMU3AYIEIO 3d YACOM.

Y pesynomami npogedenoco ananizy cyuacHux memooie Kiacmepusayii KeazinepiooutHux cue-
HAi8 6CMAHOBAECHO, WO OLIbUWICMb i3 HUX MAE 00UH AO0 KINbKA 3 MAKUX HeOOIKI8: Hesi0oMAd MOYHA
KLIbKIiCMb KIacmepis, Yyymiausicmo 00 NOYAMKOBUX 3HAUEHb YeHMPOoidie Kiacmepis, HU3bKA UMOGID-
HiCMb Klacmepu3ayii; HU3bKA WEUOKICMb Kiacmepu3ayii;, NOPieHAHHS OLIAHOK CUSHATY, W0 MArmb
auue 0OHAKOBUIL PO3MID, NOPIGHAHHS uute OIHApHUX cueHanie. Tomy akmyanvHow € po3pobKa memo-
0y nepemeoperts K8a3inepioouuHo2o CUsHA1y U IEpapxXiyHo-imepamusHo20 Memooy Kiacmepuszayii Ha
OCHOGI aneopummy KIOHAIbHO20 6i00opy. lle 3abesnewumv nidsuujenns e@exmusHocmi aHaisy
CMPYKMYpU K6a3inepioouyHo2o CUSHAIy Npu npogedeHHi 0OpobKu Yyu@posux OaHUX 6 iHmMereKmyaib-
HUX KOMI TOMEPHUX cucmemax ioeHmugixayii ocooucmocmi, mexniunoi i MeOuuHoi diaeHocmuKy, ana-
T3y Mepednceso2o mpagiky mouo.

Haseoeno nopigHsaHHs 3anponoH08an020 agmopamu memody U ICHyIOYUX Memooie Kiacmepusa-
yii, npu yvomy napamemp «KioHysanus o=0.1, napamemp mymayii f=2.5, KintoKicmeb 3aMIHHUX
anmumin d=0.2|H|. Kracmepusayis nposoounacs na keazinepioOutHux 36yKax MOGIEHH, GUSOTOUEHUX
PI3HUMU OUKIMOpaMU. 3anponoHo8ano Memoo nepemeopeHHsl Ka3inepioOuiHo20 CUsHALY, KUl nepe-
MBOPIOE 3PA3KU (KBA3INEPIOOUYHI OLIAHKU) YbO2O CUSHATY 00 €OUHO20 AMNIIMYOHO-4ACOB020 BIKHA, 3d
O00HOMO2010 3CY8Y Ul MACUIMAOYBAHHS 34 YACOM [ aMNIiMyOor, inmepnoaayicto ma ouckpemusayiero. Lle
00380J1€ NOPIBHIVBAMNU 3PA3KU CUSHATTY PIZHOI 008NHCUHU A 3 PI3HUM posmaxom amnaimyd. Cmeopero
Memoo Kiacmepusayii K8azinepioouyHo20 CUSHALY HA OCHOSI IEPAPXIYHO-IMEePAmusHo20 nioxooy i di-
20pummy KIOHAIbHOZ0 8I0D0PY, WO 3MEHULYE YYMAUGICIb 00 NOYAMKOBUX 3HAYEHb YeHMPOIdie Kiacme-
PI8 34 paxyHOK UNAOKOB020 NOULYKY Ma 3a0e3neuye adanmuene Halaumy8antsa KilbKocmi Kiacmepig
30 PAXYHOK IEPAPXIMHO20 NIOX00Y, A MAKONC NIOSUWYE UMOGIpHICMb Kiacmepuzayii 0o 0.98.

Knrouoei cnoea: xeasinepioOuyHull cueHaul, aneopumm KIOHAIbHO20 6i000pY, iepapXiuHo-
imepamusHa Kiacmepu3ayis, nepemeopents CUSHALY, AHANT3 CIMPYKMYPU CUSHATY.

Beryn. CporozHi akTyajibHUM 3aBIaHHSIM €  CHUTHAJTY € KilacTepu3allis, IO € Pi3HOBHIOM Ma-
PpO3poOKa IHTENEKTyalbHUX KOMIT IOTEPHHUX CHC- IIWHHOTO HaBYaHHS Oe3 BUMTENS.
TeM, TPU3HAYCHUX IS iIeHTUdIKAIi, aHATI3y Ta Sk paBwIIO, i 3aBAaHHAM KjacTepu3ariil
CHHTE3Y, 30epiraHHs HM(PPOBUX CUTHAIIB (HApU-  PO3YMIIOTh HEOOXiAHICTH PO3OUTTS Ha MiAMHO-
KJIal aKyCTW4YHUX, rpadiunux, BiOpaumiiHUX, >KUHHM (KJIacTepw) 3agaHoro HabOpy BEKTOpiB
eJIEKTPOrpaMHHX, KOMYyHIKaIiiHuX Ta id.) [1-2]. BHU3HAYEHOI PO3MIPHOCTI BIAMOBIIHO 0 HANEpe

BopHouac curHamu, 1o OOpOONSIOTBECS — BU3HAYCHOTO KPUTEPIiIO MiHIMi3alii CIOTBOPEHHS
KOMIT IOTepHHUMHU CUCTeMaMH ieHTUudikamii oco- (kpurepid onrtumizauii). [Ipn npomy enementn
OMCTOCTI, TEXHIYHOI Ta MEIAMYHOI JIarHOCTHKH, OJHOTO KJacTepa MalOTh CXOXKI 03HAKH, a €JICMEH-
aHaJi3y MEpexHoro tpadiky, 4acTo € KBasilepi- TH Pi3HUX KJIACTEPIB 3HAYHO BiJIPI3HSIIOTHCS OJUH
ONWYHMMHU. Y 3B’S3KYy 3 IIMM IIOCTAa€ MpoOiieMa  Bifl OMHOTO. 3aJeKHO Bif NUIAXIB OIIHIOBaHHS
noOyZ0BH €(QEKTHBHUX METOHIB aHaNi3y CTPYK- CIOTBOPEHHS H PO3PI3HAIOTH METOAM KilacTepHh3a-
Typy KBa3ilepioAWyHOro curHainy. OAHMM 13 Wi, SKi € BaXIUBUM CJIEMCHTOM JJIsl BUPILICHHS
3aco0iB aHai3y CTPYKTYPH KBa3imepiogMYHOTO  3arajbHOi mpoOsiemMy 06poOku HH(POBHUX AAHHX.
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AHaJi3 ocTaHHIX JKepeJa i myOJikamiii.
CydgacHi MeToau KiiacTepu3allii sSBJSIOTh CO00I0
MHOJKHHY ITiTXOJIB Ta aJITOPUTMIB — BiJ iHTYiTHB-
HUX Ta €BPUCTUYHUX O CyTO MaTEeMaTH4HHUX i
moiIsIIOTRCA Ha [3-5]:

— uenrpoigai  (K-cepenmHix, HEUITKUX
C-CepenHix, 3CyBY CEpPEeIHBOTO 3HAYCHHS Ta iH.)
abo memoinHi (K-MemoiniB, cyOTpakTHBHA KJac-
Tepusauisi Ta iH.) [6-8]. Meroau k-menmoiniB Ta
CyOTpakTHBHY KJIACTEPHU3AIII0 BAPTO 3aCTOCOBY-
BaTH, KOJIM HasBHUHA IIyM a00 BUIAJIKOBI BUKH-
JIH, @ METOJIH K-CepeTHiX 1 HEeUITKUX C-CePeIHIX —
y BUMAJIKy MIBHIKOI 00pOOKH BEITUKOTO HAOOpy
00’ekTiB. MeTonu cyOTpakTHBHOI KitacTepu3allii
Ta 3CYBY CEpPEIHBOIO 3HAUEHHS BapTO 3aCTOCO-
BYBATH, KOJIM HEBi1IOMa KiJIbKICTh KJIacTepiB;

— Mogmem cymimi posnogimiB  (EM-
anroput™ Ta iH.) [9]. Lli MeTonu BapTo 3acToco-
BYBATH, KOJH KJIacTEpU MalOTh Pi3HUI po3Mip, a
Habip 00’€KTiB yCiX KJIacTEepiB MOXKHA OIMHCATH
CYMIIIIIIO MIIJIBHOCTEH PO3MOALIIB (CyMilll po3-
nozinis [aycca ta iH.);

— mimeHicHI (DBSCAN, OPTICS Ta
in.) [8]. Lli MeTomu BUKOPUCTOBYIOTH y BHIAIKY
HAsIBHOTO IIyMYy Ta BHUITAJKOBHX BHKHIIB, KOJH
KJIacTepU MaroTh Pi3Hi (hopMy i po3mip, HeBizoMa
KUTbKicTh KnactepiB. st popmyBanHs KinacTepiB
BUKOPHUCTOBYIOTh OKoNuL0 Mypa un HelimaHa.
KracTep € TomonoriuHo 3B’ 3H00 00J1aCTIO;

— nusizuBhi (DIANA) [8] a6o ariomepa-
TUBHI (LIeHTpOinHOTO 3B’513KY, Bapna, onnHOYHO-
ro 3B’5I3Ky, MOBHOTO 3B’SI3KY, TPYIIOBOTO Cepel-
Hboro) [8]. Lli meromum BapTo 3acCTOCOBYBATH,
KOJIW KUIBKICTh 00’€KTiB, IO KIIaCTEPU3YIOTHCS,
HeBennka. DopmyroTe aeHaporpaMmy  (aepeBo
KJIACTEPIiB) HA OCHOBI MIKKJIACTEPHOI BiJICTaHi;

— KOHHEKIIIOHICTCBKi, A (QopMyBaHHS
KJIaCTEPiB BUKOPUCTOBYIOTh IITY4HY HEHpPOHHY
mepexxy (SOM [10-11], cimeiictBo ART [12]
Ta iH.);

— w™etaeBpuctuuni [13-15], ma  dopmy-
BaHHS KJIACTEPiB BUKOPHCTOBYIOTH METaeBpPHC-
TUKY (T€HEeTUYHHIA aNTOPUTM Ta iH.).

IcHyroui Meromm KiacTepuzallii MarTh
oIMH a00 JIEeKINbKa 3 TAKUX HEIOJIIKIB:

— HEBiJIOMa TOYHA KiJIbKICTh KJIACTEPIB;

— YYTJIMBICTH A0 NOYAaTKOBUX 3HAYCHb
LEHTPOI/NIB KJIACTEPIB;

— HH3bKa HMOBIPHICTH KJIaCTepHU3allii;

— HH3bKa MBHJKICTH KJaCTEePH3AIlil;

— TOPIBHSIHHS IUISTHOK CUTHAITY, IO Ma-
FOTH JIUIIIE OJJHAKOBHH PO3MIp;

— TOpPiBHSIHHSA JIMIIEe OiHAPHUX CUTHAIIB.
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3 MeTOr0 yCyHEHHS OiNBIIOCTiI 3 HUX JUIA
aHaJlizy CTPYKTYpU KBa3ilepioAWYHOTO CUTHAITY
IPOIIOHYETHCS BUKOHATH HOTO KIIACTEPH3ALIIO
HUISIXOM 3aCTOCYBAaHHSI aJrOPUTMY KJIOHAJIHHOTO
BinOopy [16-18]. Lleit anropurm (pucyHok 1)
HAJIEKUTh IO OCOOIMBOTO KJIacy IMITYYHUX IMYH-
HUX CHUCTEM Ta MOJENIOE POOOTY aHTHTIN IMyH-
HOI CHCTEMH WIOAO MPOTHIIi MPOHUKAIOYOMY
AQHTUTEHY 3aBISIKH BHBYEHHIO HOro 0COOIMBOC-
Tel 1 amanTamii 40 HUX.

v

0. BusHaueHHsT  LiTbOBOT
HEOOXIIHO ONTHMI3yBaTH.

v

1. CtBopeHHst Habopy aHTUTIN (3a3BHYail
BUMIAAKOBUM '{I/IHOM), SIKI € TOTOYHUMU
KaHIUIAaTaMHU JUTsl BUPINICHHS 3aBIaHHS.

v

2. O0uncleHHS 3HA4YEHHS CIIOPiAHEHOCTI
KOXKHOTO PillIeHHsI KaHHaTa.

byHKuii, Ky

Bl

3. CopTyBaHHS aHTHUTLNI 3a CIIOPiAHEHICTIO,
NOYMHAIOYM 3 HAWHIKYOTO 3HAYCHHS
adinnocti. HaiiHmwk4ya adinHicTh 03Hauae
Kpauly BiIIOBIZHICTE MK aHTHTIIOM Ta
AHTHICHOM.

v

4. KnoHyBaHHs ~ aHTHUTIN, sKi  Kpamie
BIiATOBiIaOTH JEIKAM TIOTIEPEAHBO
BH3HAYCHHM CITiBBiJHOIICHHSM.

v

5. MyTaris aHTHTII 3a JESKHM IONepe.-
HbO BHM3HAYCHHM CIIiBBifHOICHHAM. Lle
CHIBBIAHOLICHHS  JOCATA€THCS  TAKUM
YHHOM, 11O KpaIlli KJIOHH MYTYIOTh MEHIIIC,
a c1abko cmiBmajardi MyTyOTh Habarato
Ginbuie, 1OO JOCATTH  ONTHMAJIBHOTO
pilueHHs.

v

6. Po3paxyHOK HOBHX 3HayeHb a)iHHOCTI
NS KOYKHOTO AHTUTINA.

Kpurepiit MiHiMaIbHOT
TIOMHAIIKA E[OC)H‘HyTO?

3aBraHHs BUDIIICHO

Pucynok 1 — OcHOBHI eTanu aaropurmy
KJIOHAJILHOTO Bi10opy

Bin 6a3yetbcsa na anroputmi CLONALG,
BIIEPILIE 3anpornionoBaHomy  Jle  Kactpo
i Ban 3y6enom [19].

Ha BigmiHy Big TeHETHYHOTO aJTOpPHUT-
My [20], anroput™m KIOHAJIBHOTO BiIOOpPY BHKO-
PHUCTOBYE 3aMiHy aHTHTIiJ BUIaIKOBO 3T€HEpOBa-
HAMHU aHTHTIJIAMH, [0 MiABHUINYE Pi3HOMAaHIT-
HICTh TOMYJALii Ta WMOBIPHICTH 3HAXOHKECHHS
I700ATBHOTO €KCTPEMyMY; OIepaTop PenpomyK-
ii 3aMiHEHWI OmepaTopoM KIOHYBaHHS, a OIle-
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paTop cXpellyBaHHS HE BHKOPHCTOBYETHCS, IO
T IBUIITY€ MITBUIKICTD MOIIYKY PO3B’SA3KY.

SIK BUAHO 3 pUCYHKa 1, anropuT™ cenekuii
KJIOHIB TIOYMHAETHCS 3 BHU3HAYCHHS LIJIHOBOI
¢GyHKII, AKy HeoOximHo omruMmizyBatu. CTBO-
PIOIOTBCS JESKi MOXKIIMBI pillleHHSI-KaHIUOATH.
AHTHTIIa BUKOPHCTOBYIOTBCS B LIJILOBIH (pyHK-
mii st obuncneHHs ix cmopigHeHocti. lle mo-
3BOJISIE BU3HAYMTH Ti 3 HUX, SIKI OyIyTh KIIOHOBa-
Hi A7 HaCTYIMHOro Kpoky. KioHoBaHi 3HaueHHS
3MIHIOIOTECSL 3 TIONEPEAHBO BU3HAYEHHUM CIIiB-
BiJTHOIICHHSIM, a CITOPIJIHEHICTh MEePepPaxoBy€Th-
csi Ta copryerbes. llicns mpoBeAeHHS OLIHKH
CHOPIIHEHOCTI Ta, IO MaTuMe HalMeHIIEe 3Ha-
YeHHs, 1 Oyne po3B’sS3KOM, HaHONIKYMM IS
BUPIIIICHHS TIOCTaBJICHOTO 3aBIaHH.

Merta Ta 3amavi JgocaimkeHHsa. MeToro
po0OTH € MiJBHUIIEHHST ¢EeKTUBHOCTI KIIACTEepH-
3alii KBa3iMepioJUYHOr0 CHUTHAIY 33 PaxyHOK
CHHTE3y METOXy NEpPEeTBOPEHHS TAaKOrO CHUTHAITY
i iepapXidHO-ITEPaTUBHOTO METOAY KIlacTeph3a-
1[i1 Ha OCHOBI AITOPUTMY KJIOHAJIBFHOTO BiIOOPY.

Jnst TOCSATHEHHS MTOCTAaBIICHOI METH HEO00-
XiJHO BUPIIIUTH TaKi 3aBIaHHS:

— PO3pOOHTH METO]| TIePETBOPEHHS KBa-
3IMePiOINYHOTO CUTHAITY;

— 3alpOTOHYBaTH KPHUTEPil SKOCTI Kiac-
Tepu3alii KBa3inepioJuuHOr0 CUTHATY;

— CTBOPHUTH i€papXivHO-iTepaTHBHUN Me-
TOJ KIIacTepu3alii KBa3imepiognyHOrO CUTHAIY
Ha OCHOBI allTOPUTMY KIIOHAIBHOTO BiOOpPY;

— TIPOBECTH 4YHCEIbHE JOCTIHKeHHS 3a-
MPOTIOHOBAHOTO METO/y KilacTepu3allii.

1. Metoa mepeTBOpeHHs1 KBa3imepioauy-
HOT0 OJHOBMMIpHOTro curHaiy. Brxmodae Ha-
CTYIIHI eTarHu:

— PpO30WTTSA KBa3iMepiOJUYHOTO CHUTHATY
Ha IUCKPETHI 3pa3Ku;

— 3CYB IMCKPETHHX 3pa3KiB 3a 4acoM Ta
aMILTITY/I010;

— IHTepNOJALii AMCKPETHUX 3Pa3KiB;

— 3CyB Ta MacmTaOyBaHHs HENepepBHUX
3pa3KiB 3a 4acom;

— 3CyB Ta MacmITa0yBaHHsS HeENepepBHUX
3pa3KiB 3a aMILTITY/IO010;

— JIMCKPETH3allisl HeTlepepBHUX 3Pa3KiB.

1.1. Po30uTTsl KBa3imepioAMYHOro CHI-
HaJIy HA JUCKpPeTHi 3pa3ku. BuzHauumo KiHie-
By MHOKHHY AMCKPETHHX 3pa3KiB KBa3imepioany-
HOTO CHTHAJy, IO OMHCYIOTHCS CIMEWCTBOM ITi-
JicHUX oOMeXeHNX (PIHITHUX AMCKPETHUX (PyHK-
it X ={x |ie{l,...1}}, y Burmsani
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f(n), ne{N™,.., N™}
0, n %{Nimin,..., NimaX}’
AT = mnin f(n), ne{N™, . ,N™} ie{l,..1},

X, (n) = iefl.. 1},

A" = max f(n), ne{N™,..,N™},
iefL.. 13,

e A™, A™ — miHiManbHe Ta MaKCHMalbHE

3HaueHHs GpyHKuil X, Ha Bigpizky {N™,...,N™};

| — mOTYKHiCTH MHOXKHMHH 3pa3KiB KBasi-
TIePiIOAMIHOTO CUTHATY.

1.2. 3cyB auckpeTHHX 3pa3KiB 3a yacom
Ta aMILTITy010. BU3HAYNMO KiHIIEBY MHOXHUHY
3CYHYTHX 32 4acOM Ta aMILTITYJIO0 JUCKPETHHUX
3pa3KiB, IO OMHCYIOTHCS KIHIIEBHM CIMEHCTBOM
[UJTOYACETHFHUX OOMEKECHHX (DIHITHUX TUCKPET-

aux Qyukmain X° ={x |ie{l,..,1}}, y Burmsmai

x(n+N™)-A™, ne{0,.,N}

X = 0, ne{0,.,N.}'
ie{l..1},
Ni — Nimax _ Nimin '
Aﬁ — Amax _ Amin.

1.3. InTepmoJsinii JMCKpPEeTHUX 3pa3KiB.
VY crarti Oymo oOpaHO JiHIHHY 1HTEPIOJIIiO,
sSKa BHMarae HaWMEHIIOi OOYHCIIIOBAIBHOI
CKJIaIHOCTI.

BusHaunMo KiHIIEBY MHOXHHY HeETEepPepB-
HUX 3pa3KiB, SKI OTPUMaHi B pe3yJIbTaTi JiHIHHOT
IHTEepHOJIAIi ¥ ONMUCYIOTHCS KIHIIEBUM CIMEHCT-
BOM JiHCHUX 0OMeXeHUX (PIHITHIX HETIepEepBHUX

¢ynkuin ¥ ={y; |ie{l,...,1}}, y Burmami

Vte[-ALT, +At], w, (t) =

N;
= 2 X, O X (M) +

n=-1

X+ - () .
A—t(t t,) [+

N; +1

Y 2, OX (M), L. 1},

n=-1

Vte[-At,T, +At] w, (1) =0,

T, = N,At,
t, =nAt,
1, teB; . .
()= 0 teB, iHAWKaTOpHA YHKIIS;

zie At — KpOK KBaHTYBaHHS 34 YaCOM.
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1.4.3cyB i macmTta0yBaHHs Hemepeps-
HUX 3pa3kiB 3a yacoMm. Bu3HaumMmo KiHIIEBY
MHOXXHHY 3CYHYTHX Ta MacCIITA0OBaHHX 33 YaCOM
HETMePEPBHUX 3pPa3KiB, IO OMUCYIOTHCS KiHIIEBUM
cimeiicTBOM JOificHUX OOMexeHuX (iHITHHX He-

nepepuux Qynkmin W ={y’ |iefl...,1}}, y
BUTJISAIL
=min — max t _fmin
veelT™ 7™, vi O =vi | T = |
Vvt Erlfmin’-lfmax:l ’ '//|s(t) — 0’

ne  [T™ T™] —3amanwii Ta €qUHUNA I BCiX
3pa3KiB BiJpi30K.
Y crarTi

T™ T™ HacTymTHAM YHHOM:

BHU3HAYUTHU

Jat.

1.5.3cyB i macmradyBaHHsI HenepepB-
HHUX 3pa3kKiB 3a ammiityaor. Bu3Haunmo kiH-
IIEBy MHOXXMHY 3CYHYTHX Ta MacIITa0OBaHUX 3a
aMILTITY/IOI0 HETIePEPBHUX 3pa3KiB, IO OMHUCY-
IOTHCSI KIHIIEBUM CIMEHCTBOM JifiCHUX OoOMexe-
HUX ¢biHITHUX HENepepBHUX byHKLIT

¥Y® ={y*|iefl.., 1}}, y Bursmi
Vtel—rmin’fmaX]’
Amax _Amin

. ~_ iS t y

Amax _Amln 4 ( )
vt gI-—lfmin,-lfmax:l ' y/iss (t) =0 ,

Amax — m:’ix !//is (t) ' Aimin — mtin V/is (t) '

terl:min,-rmax:l,

MIPOMIOHYETHCA

T =At,

|
Tm =(1+E

()

i=1

!//iss (t) — Amin +

me  A™ A™ _ \imiMagbHe TAa MaKCHMAibHE
3HaueHHs GpyHKii v Ha Bigpisky [T™,T™];
A™ A™* _ 3anaHe Ta €MHE 1T BCIX 3pa-
3KiB MiHIMAaJlbHE Ta MaKCHMajbHE 3HAYCHHS Ha
3aJ1aHOMY BiJIpi3Ky [Tmn Tm]
Yy

A™ A" HacTyIHUM YHHOM:!

CTaTTi TPOTIOHYETHCS  BU3HAYUTH

le':(Amax _Amin)'

i=1

Amin -0 Amax —

1.6. Jluckpern3anisi HemepepBHUX 3pa3-
KiB. BU3HaunMO KiHIIEBY MHOXHHY JUCKPETHHUX
3pa3KiB, SAKi OTPHMaHI 3 HEMEPEPBHUX ILITXOM
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JIMCKPETH3allii 32 YaCOM ¥ OIUCYIOTHCS KiHIIEBUM
CIMEHWCTBOM IIIJIOUYHCETHHIX OOMEKEeHHX (DiHIT-

HUX guckpetHux ¢ynkuiit S ={s, |ie{l...,1}},
Y BHTIISIAI
5,(n) = round (* (NAY) , ne{N™,..,N™},
N"™ =T /At
N™ =T™ /At

ae round() — ¢yHKIs, SKa OKPYTJISE YUCIO
710 HaHOIMHKIOTO MIJIOTO.

TakuM 4YWHOM, 3allPONIOHOBAHUIA METOJ
MEPETBOPCHHST KBA3iMEepioAMYHOTO CUTHAIY Iie-
peTBOpPIOE 3pa3kd  (KBa3iMEepiOAWYHI TUISTHKH)
OO CHUTHANY JO €IWHOTO  aMIUTITYHO-
YacoOBOTO BiKHA, NUISXOM 3CYBY Ta MacIHITaly-
BaHHS 33 4acOM Ta aMILTITYAOI0, IHTEPIIOJIALIIE0
Ta JUCKPETHU3ALIIE€I0, 10 T03BOJISE HAIAl MMOPIiB-
HSTH 3pa3Ky CUTHAJY Pi3HOI JOBXKWHU Ta 3 Pi3-
HUM PO3MaxoM aMILTiTy/I.

2. Kputepiii sikocTi knacTepusauii kBa-
3imepioquuyHoro curuajay. Jlns ormiHOBaHHS
METOAY Kiactepusauii B poOOTi 3ampOIIOHOBAHO
KpUTEpii SKOCTi, IO BHU3HAYa€ BHOIpP TaKOro
BekTopa h, sIKuii MICTHTh HOMEPH KJIaCTEPIB IJIs
KOKHOTO 3pa3ka Ta JOCTaBJIT€ MiHIMyM HOPMO-
BaHI# BHYTPIITHBOKIACTEPHIN BiJICTaHI:

_IZiZSk (s )“Si _ﬂkHZ
i=1 k=1

(Nmax _ N‘min _i_l)Amaxlzi}(Sk (Si )

i=1 k=1

—>mhin,

e S, — k -i1 xmacrep;

4, —uentp K -ro knacrepa;

X, (i) — inpukaropna QyHKuis, sKa Omu-
k

Cy€ HaJIe)KHICTh S; KIACTepy S, .

3. IepapxiuHo-iTepaTuBHMII MeTOx KJIac-
Tepu3anii HA OCHOBI AJITOPUTMY KJIOHAJIBLHOTO
Bindopy. Posrmsmatumemo cimeiictBo S, oTpu-
MaHe B pe3yJbTaTi 3aCTOCYBaHHs METOAY Iepe-
TBOPEHHS KBa3ilEpiOJAWYHOTO CHTHAJY, IIO0 3Ha-
XOAUTBCST B €IWHOMY aMIUTITYJHO-4aCOBOMY
BiKHI, SIK MHOXXUHY 00’ €KTIB KJacTepH3arii.

3anpormoHOBaHUN METOJ  KJIacTeph3alii
BKJTIIOYA€ HACTYIIHI eTamu:

0. IlowarkoBa KinmbKicTh KnactepiB K =2.

1. CrBoproeTscsl  MOYAaTKOBa  MOITYJIs-
uis H ={h}, npuuomy KoxHE aHTHTLIO Ifi€l MO-
nyssiaii nmpexnctasneno y surisaai h=(h,....h).

Koxxna koMmoHeHTa hi B3a€EMHO OJHO3HA4YHO
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BiAMOBiAae 00’ €KTy KiacTepus3alii Ta MICTUTbH
HOMeEp KJIacTepa, 1[0 BU3HAYAETHCS y BUTIIAII

h, =round((K —1) rand () +1) ,
ne round() — ¢pyHKUisA, O OKPYIIIOE YUCIIO

JI0 HaMOIMIKYOTO II1JIOTO;

rand() — gyHkuis, WO TeHepye piBHOMIp-
HO PpO3MOJIJICHE BUIIQJKOBE YHCIO B Jiamaso-
mi [0,1].

2. Jns xoxuoro amtutina h oGuuciio-

I0ThCs inpuKatopui Qymkuii . (S;), Aki omu-
k

CYIOTh HAalleXHICTh §; Kiactepy S,, S, €S

(nabyBaroTh 1, gKIIO Hajexath, i 0 B iHIIOMY
BHIIAJKY):

1, h=k .
;(Sk(si)z 0, h sk’ iefl,...1}, ke{l,..., K},

[pY [IbOMY IIOBUHHI BUKOHYBATUCH YMOBH:

i;{sk (s;)=1,ie{d,..,1},
k=1

ZI‘,ZSk (5)>0, ke{l...K},

Zs, (5){0,}, ke{l,...,K}, ie{l,..., 1}.

3. IIpuceoroerscs HoMep iTepamii 7 =1.
4. Jlng xoxHOro aHTUTiIa h  o0uuciro-
I0ThCS IICHTPOIIU KJIACTEPiB:

> ., (5)s, (m)
() =2
PR ACY

me{N™,..,N™}.

kefl... K},

5. Jlna xokHOrO aHTHUTiIa h  obGuucio-
€ThCS 3HaUCHHS (iTHeC-QyHKITIT.
ditHec-pyHkuis (uipoBa (QyHKIIS) BH-
3HauYeHa Yy BUTJIAI
| K

ZZZSk (s; )Hsi = My Hz

i=1 k=1

F(h) = — min,

I K

(Nmax _ Nmin +1)Amaxzz;t/8k (Si )

i=1 k=1

s —ukH=J > s m -l et

:Nmin

kefl,.. K}.

6. [us xoxxHoro aHtHTina h oOuucIHIo-
€ThCs aiHHICTD.

AdinnicTb BU3HaYa€e OJIM3BbKICTh OTOYHO-
r0 aHTUTLJIa IO KPal[oro aHTHUTIJIa Ta 0OYHUCITIO-
€THCS HAa OCHOBI (PYHKIII{ KOPHCHOCTI y BHUTJISI I

F () —min F (h)
max F () —minF ()

d(h)=1-

zie @(h) €[0,1].
Sxmo ®(h)=1, To | -Te aHTHTIIO € Kpa-

mwuM. Sxmo ®(h)=0, 1o i -Te anTUTINO € Tip-
LLIHM.

7. i KOXHOTO aHTHUTiIa h BUKOHYETHCS
orepaTop KIIOHYBaHHSI.

OnepaTtop KIIOHYBaHHS I'pa€ pojb, aHAO-
TIYHy 70 omepaTropa pPenpomyKilii reHeTHIHOTO
aJrOPUTMY.

3a3Buuaii KUIbKICTh KJIOHIB ( IS KOXKHO-

Tro agTurina h BU3HAYAECTHCS SAK
q=round (| H ),

Ie o —mapaMeTp KIOHyBaHHS, « > 0.

Y pe3ynbTaTi 3acToCcyBaHHS oOIeparopa
KJIOHYBaHHS (OPMYETHCS MHOKHHA KJIOHIB aH-
tutin Z ={z}, npuyomMy KOKHHUI KJIOH TpescTa-
BieHud y Burisni 2 =(z;,...,Z,).

8. JIns KOXHOTO KIIOHY Z BHUKOHYETHCS
OTIepaTop MyTarii.

Omnepatop MyTalii J03BOJIIE OTPUMATH 3
KJIOHIB aHTHTIJI HOBI aHTHUTLJIA 3 BJIaCTUBOCTSIMH,
0 Pi3KO BIAPI3HAIOTHCS 3a EBKIIIOBOIO MET-
PUKOIO.

[lepen myTari€ro KOXHUH IITOYUCETHHUIMA
KIOH Z=(Z;,..,Z,;) B3a€MHO OJHO3HAYHO BiJIO-
OpakaeThCs B OiHapHWMIA
ay b=(b,....b ) yBurasani

KJIOH BH-

By e =[21’e -ziJmodZ, iell, eelE,
e E — kinbKicTh OIT A KOAYyBaHHS OJHIET
KOMITOHEHTH KIIOHY;
[l — dyskItis, o BU3HAYAE LTy YaCTHHY.
MyTamiss Hax KOXHHM OiHApHUM KJIO-
HoM D BuKkoHyeThCs y BUrIsAmi

- 1, (rand() = p(h) A (b, =1)) v ((rand () < p(h)) A (b, =0));
Y10, (rand() = p(h) A (b, =0)) v ((rand () < p(h)) A (b, =1)),

gedl,.

© €. €. Denopos, T. 0. Yrkina, 2022
DOI: 10.24025/2306-4412.2.2022.253905

J1-E},


https://doi.org/10.24025/2306-4412.1.2022.255991

ISSN 2306-4412 (Print), ISSN 2306-4455 (CD-ROM), ISSN 2708-6070 (Online)

p(h) =e "

e f —mapamerp MyTallii,

— HMOBIpHICTH MyTawii anturina h,

£>0.

Oinpiie [, THM MeHIIa HMOBIPHICTh MyTallii.

Yum

[Ticns 3aBepiieHHS MyTallii BUKOHYETHCS
B3aEMHO OJHO3HAYHE BiJOOPaKEHHS KOXKHOTO

6inaproro kmony b =(b,,...b ;) B mimoumncemns-

Huii KioH Z =(Z;,...,Z,) y BUIIAAIL

E —~
Z; = Z(ine 'biE+l—e) , 1€l
e=1

VY pe3ynbTari 3acTOCYBaHHS oOIepaTopa
myTanii GopMyeThcs MHOXMHA KIOHIB Z ={Z},
10 MYTYyBaJIH.

9. BuKOHYETBHCS OmepaTop peayKIiii.

Sk omeparop peayKilii BUKOPUCTOBYEThCS
CXeMa CeJleKIii, fika 3a0e3nedye CIpsIMOBaHICTb
MomryKy (Halikpamii aHTHTiIa 30epiraroThes) i
MOJISATA€ B HACTYMHOMY. AHTHUTINA MONEPEIHBOT
TIOITYJIALT 1 KIIOHH, 1[0 MyTyBaJIH, 00’ € THYIOTHCS
B MPOMDXKHY TMOMYJISIII0 ¥ BIOPSIKOBYIOTHCS 3a
a¢iHHICTIO. Y HOBY MOMYJISIIII0 BiqOMPAIOTHCS
| H| mepmmx (maiikpammx 3a adiHHICTIO) 0CO-
OHMH TPOMIXXHOT ITOMYJIALIII.

10.BukoHy€eThCS OIIEpaTop 3aMiHu.

Jist  mumpmoro  OCHiDKEHHSI POCTOPY
MOIIYKY BUKOPHCTOBYETHCS 3aMiHa OCTaHHIX
(maifripmmx 3a aiHHICTIO) aHTUTIN MOMYJIAMIl
HOBUMHM aHTUTUIamMu. KinpkicTe aHTHTia d, 110
3aMIHIOIOThCS, (DIKCOBaHA i CTAaHOBUTH Binm 5 %
10 20 % po3Mipy TOITyJIAIIi.

KokHe HOBe aHTHUTLIIO TIPENICTABIICHE Y BH-
i h=(h,...,h ), a koxHa Horo kommoHeHTa

TeHEepPY€ETHCS Y BUTIIAIL

h, =round (K -Drand()+1), iell.

()

’s‘:’i 5,j, 3 J:

‘3‘: éd
o

Fuls ,5 : ‘;i;is,
!l H

-40F

b1 L SN
+ I‘E 3
2k
B0k

80 i & I\ 1
0 1000 2000 3000 4000 5000 6000 7000 &000 9000

'
10000 1

PucyHnox 2 — Po30uTTsI KBa3inepioquIHOro 3ByKy «0»
CJIOBA «CO» HA TUCKPETHI 3pa3Ku
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11.BusHavyaeTbcss HaWKpalle aHTHUTUIO 3a
(dhitHEC-QOYHKITIEIO

h" =arg min F(h).

12.I1epeBipseThCSl yMOBA 3aBEPIIICHHS.

F(h")
I[lpy ————=—=<¢ oTpUMaHO 3aJ0Bijb-
p Amax [N'max p A
HUI pe3yibTaT METOIY Kiactepusanii h , ne & —
3aJlaHe 3HAYCHHS TOYHOCTI KJIaCTepr3allii.

F(h) . mex

—_—
SIkmio Amax\/W & 1 <77, TO
7 =7+1, nepexin Ha 4.

F(h’ .
HK]_]_IO ﬁ > & 1 max
A N

K =K+1, mepexinm Ha 1.
VY pe3ynabTati poOOTH METOMY KjacTepu3a-
uii Oyae BHU3HAYEHO CTPYKTYpY KBaszimepiomgwy-

HOTO CHTHAITY, IO 3a1a€Thes N

BingTak, 3amporoHOBaHUN METOH KJacTe-
pu3auii KBa3imepiogAMYHOTO CUTHAY HA OCHOBI
1€papXiYHO-ITEPATHBHOTO IMiIXOIy Ta aJTOPUTMY
KJIOHAJILHOTO BiZJOOPY 3MEHIIY€E YYTIUBICThH IO
MTOYaTKOBUX 3HAYCHb IIEHTPOIIB KIJIACTEPIB 3a
pPaxyHOK BHUIAJIKOBOIO IOIIYKYy H 3a0e3meuye
aJaNTUBHE HANANITYBAHHS KUTBKOCTI KJIACTEPiB
3aBIAKH 1€papXigHOMY MHiAXOTY.

Pe3yabTaTu pocaimkens. UncensHe noc-
JHKEHHS TIPOBOIMIIOCS HAa OCHOBI KBasimepio-
JUYHOTO 3BYKY MOBJICHHEBOTO CHTHAIY Ha
koMmIt’rotepi 3 mpouecopom Intel Pentium Quad-
Core 3 takToBoro yactotoro 2.58 I'Ty B cepeno-
pumi MATLAB.

Ha pucynkax 2-7 300pakeHO TpUKIAIU
po0oTH MeToay MepPEeTBOPEHHS KBa3iMepioguaHO-
T'0 OJJHOBUMIPHOTO CUTHAIY.

x(n)
max B0p
4 TR
oo o
Tie o 3
1 ]
olic &0 & g !
Fo 0 o Py I
: ¢ ¢ o g?; M :
o o H o v . § |
nq o o o o o g 8 L
Lo o @ a0 ° £%5 O .
o o o 2 %2 %o % o i
i 2, o .
B P % 5o o4 :
' o o0 %) o 8 I
- oF of !
40 | ° ]
1 i
Amin - . . . s
7329 7345 TE 7E 7408 7420 783 7469 ' 7483 N
]me A‘Tma.x
PucyHnox 3 — ITouaTkoBHii TUCKPeTHU
3pa3ok
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L L
110 130

PucyHnok 4 — 3cynyTuii 3a 4acoM Ta aMILTITY/1010
JAMCKPETHHUI 3pa3oK

33 f

3

5§ ' 316 397 318 319

j‘min
PucyHok 6 — 3cyHyTwmii i MacmraboBanmii 3a yacom
Ta aMILTITY/1010 HenepepBHMIi 3pa3oK

Ha pucynky 2 300pakeHO pO30OUTTS KBasi-
NIEPIOIMYHOTO 3BYKY €0» CJIOBa «CO» Ha IUCKPETHI
3pa3kd. Hapenmenuii aHcamOnb MiATBEPIKYE
CKJIaJHICTh Bi3yaJIbHOTO CIPUHHATTS aKyCTHYHOI
XapaKTePUCTHKU 3pa3ka. ToMy Ui yCyHEeHHS LbO-
ro HEMOJIKY 3 JUCKPETHHX 3DPa3KiB BHOMPAETHCS
OJIVIH, SIKUH 1 Oy 1e MiiIaHuii IepeTBOPEHHIO.

Ha pucynky 3  300pakeHO  MMOYaTKOBUH
JUCKPETHUH 3Pa30K, L0 3HAXOIUThCS Ha BiJpi3-

ky {N™,..,N™} 3 MmiHiManpHMM Ta MakcHUMa-

JIbHUM 3HAYEHHSAM aMILTITYIH Aimi”,Amaxi miga-
€THCSI TTOJIATIBIITNM TIEPETBOPEHHSIM, ITOKa3aHIM Ha
pucyHkax 3-6.

Ha pucynky 4 300paykeHO JUCKPETHHH 3pa-
30K ITCISI 3CYBY 3a 9acOM Ta aMILTITYAOIO, IO
sHaxoauThes Ha Bigpisky {0, ...,N} 3 minimans-
HUM Ta MaKCUMaTbHUM 3Ha4ueHHsM 0, A

Ha pucynky 5 300pakeHO HeETepepBHHIMA
3pa30K CHUTHAIY, OTPUMAaHUI 3 JUCKPETHOTO 3pa3-
Ka B pe3yibTaTi JiHiiiHOi iHTepmossLii 3 4acTo-
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Pucynok 7 — Pe3yibTywumii TMCKpeTHHIA 3pa3ok

toro 22050 'y Ta KpokOM AMCKpeTH3alii 3a ya-
com At = 1/22050, 1o 3HaXOAWThCS HA BIAPI3-
Ky [0, T] 3 MiHIMQJIFHUM Ta MaKCHUMaJbHUM 3Ha-

yennsm 0, A,

Ha pucynky 6 300pakeHO HemepepBHHUIA
3pa30K CHUTHATY IICISI 3CYBY Ta MacIITaOyBaHHS
32 4acoM Ta aMIUTITY/IOK, IO 3HAXOIUTHCS Ha

Bigpisky [T™,T™] 3 MmiHiMaJbHMM Ta MaKCH-

MaJIbHUM 3HaueHHsaM A™" AT

Ha pucynky 7 300pakeHO pe3ynbTyOUnit
JUCKPETHHI 3pa30K CHTHATY, OTPUMAaHUU 3 Here-
PEpPBHOTO 3pa3ka B PE3yJbTaTi JUCKpeTH3alii 3
gacroror 22050 'ty Ta KpPOKOM JUCKpeTH3allii
At = 1/22050. TlepeTtBopeHuii 3pa3ok 3HAXOIUTH-

csa Ha Bigpisky {N™,...,N™%} 3 miniMansHuM Ta
MaKCUMaJIbHUM 3HaueHHamM A™, AT

VY Tabmuii | HaBeIeHO MOPIBHSHHS 3arpo-
[MOHOBAHOI'O aBTOPAaMHM METOAY Ta ICHYIOUHX Me-
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TOJIIB KJIaCTEepH3allil, PH LOMY MapaMeTp KIIOHY-
BanHsg « = (0.1, mapamerp myrtaiii £ =2.5, Kijib-

kictb antuTin d =0.2| H |, mo 3aMiHIOIOTHCA.

Taomuusg 1 — Onminka MeToaiB KJacre-
pu3amii

Merox I;'IMOBipHi(?Tb
xinacrepu3atii (%)
uenrpoigauii (k-cepenHix) 0.80
LIEHTPOIMHUHN (HETITKHX 0.83
C-cepeliHiX) '
MOJIENTb CYMIIII PO3IO/ILTIB 085
(EM) '
KOHHEKIIOHICTCHKUI 082
(mepexxa SOM) '
MeJI0iHMI (CyOTpaKTHBHA 0.90
KJIacTepu3allis) '
KOHHEKIIOHICTCHKUIA 093
(mepexxa ART) '
aBTOPCBHKUI 0.98

Ilix ¥WMOBIpHICTIO KIiIacTepu3allii Mamocs
Ha yBa3l BITHOIICHHS IMPaBHJILHO Kiacu(ikoBa-
HHUX 3pa3KiB KBa3iMepioJUYHOIO CUTHANY A0 iX
3aragbHOI KimbKocTi. Kimactepusarist mpoBoauia-
Cs Ha KBa3iMMepiOAMYHUX 3BYKAaX MOBJICHHS, BH-
MOBJICHUX Pi3HUMH AUKTOPAMH.

OOroBopeHHsi pe3yabTatiB. Pesynbrar,
HaBeJIeHUH y TabuIll 1, okasye, 1m0 aBTOPChKUit
MeToJ 3abe3neuye BUCOKY HMOBIPHICTh KIacTepH-
3anii (BUKOPHCTOBYE TOIEpenHI0 OOpoOKy Ta
a/IaNTUBHE HANAIITYBaHHS KUIBKOCTI KJIacTepiB).

Ha ocHOBI TpoOBeNEHOr0 EKCIIEPUMEHTY
MO>KHa 3pOOMTH BHCHOBOK, IO LIEHTPOIAHI Me-
tomu  kimactepmsaitii - (K-cepemHix, HEUITKHX
C-CepeiHiX), METOJ MOJEII CYMII pPO3MOIiIiB
(EM) 1 KOHHEKIIOHICTCHKHU MeTon (Mepexa
SOM) maroTh HalMeHIy WMOBIpPHICTH KJlacTe-
pu3alii, OCKiNbKH MarTh (PiKCOBaHY KiJBKiCTh
KJIACTEPIB.

Konnekmionicrcbkuii  meronm  (Mepexa
ART) ta Menoiguuit Mmetoa (cyOTpakTHBHA Kiiac-
Tepu3allisi) MaloTh OUTBII BUCOKY HMOBIPHICTb
KJIacTepH3alii, OCKUIBKM MAalOTh aJalTHBHE Ha-
JAMTYBaHHA KiJIbKOCTI KJIACTEPiB.

Bisyamizawiss pe3ynbTatiB
KH 2-7) 3acTOCYBaHHS METONy TEPETBOPEHHS
KBa3iMEPiogNYHOTO0 CHUTHANY 1 YHACEIHHOTO
JOCII/DKEHHS  1€papXi4HO-ITEepaTHBHOTO METOAY
KJlacTepu3alii KBa3inepioJUYHOrO CHUTHAIY Ha
OCHOBI  ajrOpUTMy  KIOHAIBHOTO  BigOOpy
MiATBEPIKYE €QEKTUBHICTh 3aIPOIIOHOBAHOTO

(muB. puCYH-
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METOJy JUIsl aHali3y CTPYKTYpH KBas3imepiomwmd-
HOT'O CHTHAIy.

BucHoBkH. Y cTarTi B MeXax CTBOPEHHS
METO/AY TEPEeTBOPEHHs Ta KiacTepu3alii KBasi-
NEePiOIMYHOrO CHTHaTYy OyJo BHpIIIEHO Taki
3aBJIAHHS:

—pOo3pobIeHO METOJT IEPETBOPEHHS KBas3i-
MEePiOIUYHOTO CUTHAIY;

—CTBOPEHO i€papXiduHO-ITEepaTUBHUIA Me-
TOJA KIIacTepu3alii KBa3imepiognyHOTO CUTHAIY
Ha OCHOBI alITOPUTMY KJIIOHAJIEHOTO BiJIOOPY;

—IIPOBEICHO YHCEJIbHE MOCHIDKEHHS 3a-
MPOIOHOBAHOTO METOY KiacTepu3allii.

HaykoBa HOBHM3Ha IIPOBEIEHOIO MAOCIIi-
JOKEHHSI TI0JISITa€ B HACTYITHOMY:

1. YnockoHaseHO MeTOJ NEpPEeTBOPEHHS
KBa3IMEepiOANIHOTO CHUTHATY, SKHHA TEPETBOPIOE
3pa3ku (KBa3iMepioAuyHi AUISHKH) I[bOTO CHUTHA-
Jqy A0 €JUHOTO aMIUTITyJHO-4acOBOT'O BiKHA, 3a
JOIIOMOT0I0 3CYBY Ta MaclITa0yBaHHA 3a 4acoM i
aMITTITY 1010, IHTEPIIONIAIIIT Ta AUCKPETH3AIlii, 10
JTO3BOJISIE HaJali TIOPIBHIOBATH 3pa3KH CHUTHATY
PI3HOI JOBKHHH 1 3 PI3HUM PO3MaxOM aMILTITYI.

2. OTpuMaB MOJANBIINKA PO3BUTOK METO[
KJacTepu3amii KBa3ilmepioAWYHOTO CHUTHATY Ha
OCHOBI i€papXi4HO-ITEpaTUBHOTO MiAXOAY Ta
ITOPUTMY KJIOHAIBHOTO BinOopy, SKUH 3MeH-
nlye 4YymIUBICTH 10 II0YAaTKOBUX 3HA4YCHb
IIEHTPOIIIB KJIAcTEePiB 3a PaxyHOK BHUITAIKOBOTO
HOIIYKy Ta 3a0e3medye aJanTUBHE HaJallTyBaH-
HS KUJIBKOCTI KJIaCTEPIB 3a PaXyHOK 1€EpapXidHOTO
nigxony. Lle migBuITye MOKIUBICTh KIIaCTepU3a-
mii go 0.98.

3. OTtpumaB noJanbIIni PO3BUTOK KPHUTE-
piif sKOCTI KJIacTepu3aiii KBa3inepiogudHOro
CUTHAITy, [0 JO3BOJISE OTPHMATH HOPMOBaHY
BHYTpIITHBOKJIACTEPHY BiJICTaHb, IO, B CBOIO
4epry, JI03BOJISIE BCTAHOBUTH €IMHUNA TOPIT JIIIs
OIIIHFOBaHHS SIKOCTI KJlacTepu3arii.

IIpakTH4He 3HAYEHHA. 3aNIPOIIOHOBAHUI
METO/ JO3BOJISIE CTABUTH 1 BUPILIYBAaTH 3aBIaHHS
MEPETBOPEHHS Ta KjacTepu3allii MOBJICHHEBOTO
abo JMIarHOCTUYHOTO CHUTHAIY, & TaAKOX MepesKe-
BOro Tpadiky, 10 BUKOPUCTOBYETHCS IS aHAi-
3y Ta 30epiraHHs OIOMETPUYHOI, JIarHOCTUYHOI
Ta MepexeBoi iHpopMmaulii B IHTEICKTYaJbHHX
KOMIT IOTEpHHUX CHCTEMAaX.

IlepcnekTHBM MOJANBIIMX JOCJIIIKEHb.
Hapmani nepenbauaersecsi AOCHIIKYBATH MUTAHHS
BIUIMBY METOJIIB IIEPETBOPEHHS Ta KiIacTepu3allii
Ha BWSIBJICHHS Ta Kiacuikalliro mepioiB y of-
HOBHMIPHHUX KBa3iNepioJnYHUX CUTHAJIaX.
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METHOD OF CLUSTERIZATION OF QUASIPERIODIC SIGNAL
BASED ON CLONAL SELECTION ALGORITHM

The paper proposes a hierarchical-iterative method of clustering of a quasi-periodic signal
based on clonal selection algorithm, which increases the speed and accuracy of clustering. Prelimi-
nary transformation of samples (quasi-periodic areas) of this signal into a single amplitude-time
window based on shift and scaling in time and amplitude, linear interpolation and time sampling is
performed.

Signals processed by intelligent computer systems for identification, analysis and synthesis,
storage of digital signals (such as acoustic, graphic, vibration, electrogram, communication ones,
etc.) are often quasi-periodic. This raises the problem of constructing effective methods for analyz-
ing the structure of a quasi-periodic signal. One of the means of analyzing the structure of a quasi-
periodic signal is clustering, which is a type of machine learning without a teacher.

As a result of the analysis of modern methods of clustering of quasi-periodic signals, it has
been found that most of them have one or more of the following disadvantages: unknown exact
number of clusters; sensitivity to initial values of the centroids of clusters; low probability of clus-
tering; low speed of clustering; comparison of signal areas that have only the same size; compari-
son of only binary signals.

Therefore, it is important to develop a method for transforming a quasi-periodic signal and a
hierarchical-iterative method of clustering based on a clonal selection algorithm. This will increase
the efficiency for the analysis of quasi-periodic signal structure in digital data processing in intelli-
gent computer systems of identity identification, technical and medical diagnostics, network traffic
analysis, etc.

A comparison of the method proposed by the authors and existing clustering methods is given,
with the cloning parameter o = 0.1, the mutation parameter § = 2.5, the number of replacement
antibodies d = 0.2 | H |. Clustering has been performed on quasi-periodic speech sounds uttered by
different speakers. A method for converting a quasi-periodic signal, which converts samples (quasi-
periodic areas) of this signal into a single amplitude-time window by shifting and scaling in time
and amplitude, interpolation and sampling, is proposed. This allows to compare signal samples of
different lengths and with different amplitudes. A method for clustering a quasi-periodic signal
based on a hierarchical-iterative approach and a clonal selection algorithm has been developed,
which reduces the sensitivity to initial values of cluster centroids due to random search and pro-
vides adaptive adjustment of the cluster number due to the hierarchical approach, and also increas-
es the probability of clustering to 0.98.

Keywords: quasi-periodic signal, clonal selection algorithm, hierarchical-iterative clustering,
signal transformation, signal structure analysis.
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TacruryT npo6nem Gesnexu AEC HAH Ykpaiuu
ByJ1. KipoBa, 36-a, M. YopHoOuis, Kuiscska o6macts, 07270, Ykpaina
ZIHCTI/ITYT mpo0JeM MaTeMaTHYHUX MammuH Ta cucteM HAH Ykpainu
np-T Akagemika ['mymkosa, 42, M. Kuis, 03187, Ykpaina

AJITOPUTM MOHITOPHUHT'Y MOTYKHOCTEH KPUTEPIIB TECTYBAHHSI
EKCITOHEHIJAJIBHOCTI IVIBHOCTI ITIOTOKY HEUTPOHIB
B «OB’€EKTI YKPUTTS»

CucmemHnuti MOHIMOPUHE WINbHOCMI NOMOKY HEUMpOHi6 6i0 NATUBOBMICHUX Mamepianié
6 «06’cxkmi Ykpummsy nompeOye nocmiliHo20 KOHMPOMO Md GUSHAYEHHS NaApamempis OUHAMIKU
3 Memow KOHmMpomo s0eproi be3neku. 3anponoHoeano aneopumm ioenmuixayii nepexodie opmu
Mpenoie OUHAMIYHUX PAOI8 NOMOKIE HEeUMPOHI8 8 eKCNOHEHYIANbHY 3aNexcHicmb 0s Qikcayii nodii,
SKI MOJICYMb CIOUUMU NPO 3MIHY CIMAHY MA NOBEIIHKU NATUBOSMICHUX Mamepianis. Y pobomi nposo-
OUMbCA MOHIMOPUHE NOMYICHOCTNEU CIMAMUCIUYHUX KPUMEPIig, AKi MOXCYmMb Oymu 6UKOPUCTAHT
npu 8U3HAYEHHI MOMenmie [uacosux inmepeanieé nepexo0y OUHAMIYHUX PAOI6 WITbHOCTE NOMOKY Heln-
POHIB 00 eKCHOHEHYIAbHO20 3aKOHY po3nodiny. 3anponono8ano Habip Kpumepiig, aKuii HaubiibuL 00-
YITbHO BUKOPUCMOBY8AMU NpU Nepesipyi eKCHOHEHYIANbHO20 3aKOHY PO3NOoJiNy, 2amMma-po3noodiny,
posnodiny Ilyaccona ma Beuibyna. Oyinka nomyosicHocmel cmamucmuyHux Kpumepiie oOyia npogede-
Ha Ha pi3Hux 00’cmax 6ubipok, b6e3 YypaxyeaHHs KOHKYpYIOUUX zinomes. BcmanoeneHo nomysicHocmi
MpbOX 2pyn Kpumepiie mecmy8ants eKCHOHEHYIAIbHOCMI 01 PI3HOT OUCKpemu3ayii 6XiOHUX Macueie
Odanux. Pexomenoosarno momusogarne suxopucmants Kpumepiie 01 piznux o0 ’emis eubipox. Ilpose-
OeHi 00CNiOXNCeHHA € OCHOB0I0 OJisl NPOEKMY8AHHA NiOCUCMeEMU MeCmy8aHHA eKCNOHEHYIaNbHOCHI
6 ABMOMAMU306AHIL CUCEMI NIOMPUMKU NPULIHAMMSL Pileb N0 3a0e3NeYeHHI0 Ma NIOSUWEHHIO Di-
6Ha a0epHoi besnexu komnaexcy «Hoeuui besneunuii Kongavinmenm — « 06’ ckm Yxpumms». Ompu-
MaHi pe3y1bmamu pasom 3 USHAYEHUMU HADOPAMU OYIHKU AHOMATbHOCHI 8 OUCKPEMU308aHUX MACU-
84X OAHUX WITLHOCMI NOMOKY HEUMPOHI8 € OCHOBOI 051 NOOYO0B8U ANCOPUMMIE (DYHKYIOHYBAHHS (G-
MOMAMU308AHUX CUCEM KOHMPOIO OYIHKU 8I0XUIeHb 8I0 besnexu 6 komniexci «Hosuil bBesneunuti
Kongaiinmenm — « 06 ’exm Yxpummsy.

Knrouosi cnoea: soepro-nebesneuni cKynuents, imimayiine MOOENOSAHHS, AHANI3 OUHAMIYHUX
Ppsdie, onepamuera OIacHOCMUKA, NepesipKa 2inomes, CMamucmuyHi mecmu, niOMpumMKa nPUUHIMms
Dpiuiend.

Beryn. B po6orti [1] 3a3Ha49aeThes, mo HA
CHOTOJHI TIEPIIOYCPTOBUMH 3aJadyaMH € BHUi-
HICHHS KOMIUIEKCY iH(pOpMaLiiHUX 3aBlIaHb,
TIOB’SI3aHMUX 3 MPOOJIEMATUKOIO OIIEPaTHBHOI JTiar-
HOCTHUKH TEXHIYHOTO CTaHy KPUTHYHHUX eJIeMeH-
TiB Ta cucTeM roiosHoro odmagnanusg AEC. 3a-
3HAYa€ThCS, IO PO3B’A30K TAKUX 3aBAaHb 0a3zy-
€TbCS HA CTBOPEHHI MaTEeMaTHYHUX MOJIelNeit
NpoIeciB Ta BUKOPHCTAHHI BiAMOBIAHUX 004YmMC-
JIOBAJILHUX METO/IB JJIs1 BAKOPUCTaHHA JliarHOC-
TUYHOI iH(pOpMAaIii, 0 MICTUTBCS B CHTHAIax

JMaTYUKIB 1HQOPMAIIHHO 3HAYYIIMX TIarHOCTHY-
HUX TapaMeTpiB cTaHiB 00’€KTiB; po3poOIi Ma-
TEMaTUYHUX MOJeNell TMPUYINHHO-HACIITKOBUX
3B’SI3KIB, JMHAMIKM 3MiHM CHEKTpPAJIBHHUX Mapa-
METpIB BEJIIMKMX MACHBIB MOTOYHUX TEXHOJIOTIY-
HUX TIapaMeTpiB TOIIIO.

[Iporec anamizy nMHAMIYHUX PSAIIB JaHUX
napaMeTpiB  IIUIBHOCTI  MOTOKIB  HEHTPOHIB
(IIITH), Ha Hamry myMmKy, SIKICHO MOXeE BKIIIOYa-
TH JiBa MapayeibHi MPOIECHU: BU3HAYCHHS aHO-
MaJIbHUX IIOJIil Ta BU3HAYEHHS 3MIHU CTAHIB YU
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MOMEHTIB Hepexoly 10 TaKHX cTaHiB. B poboTi
[2] B3ampomoHOBaHO KOMILIEKC MaKCHMAaJIbEHO
e(heKTUBHUX 3 0OYMCITIOBAIEHOI TOYKH 30PY CTa-
TUCTUYHUX KPHUTEPIiB Ta METOIUKY IX BUKOPHC-
TaHHS JJIS aHAI3y aHOMAaJIbHHMX 3HA4YEeHb y JIH-
Hamivaux psamax HII[TH 3amexHo Big HEOOXiTHOT
NOTYXHOCTI KpHUTEpiiB Ta 00’eMy BHOIpKH, sKa
JOCHiDKyeThesl. sl CTBOpPEHHS NPOrPaMHOTO
3a0e3neueHHs, SIKe JJO3BOJIMTh B aBTOMATUYHOMY
pexxumi npoBoautH oniHky cranis IIITH, HeoO-
XIJHAM TaKOX € JTOCIIPKEHHS MPOOJIEMHU OIliHKA
MOMEHTIB / iHTEpBaiB TMEpexXoay TUHAMIYHHX
PAMIB, SKI OCHIIKYIOTBCS, J0 CKCIIOHEHIIIAIb-
HOT'O 3aKOHY pO3MOAUTYy Ta HOro mapameTpis.
Came Takmii mepexiny Oyne o3HayaTH HasBHICTh
KPUTHYHOTO CTaHy 1 MOJXJIMBICTh BU3HAUCHHS
3HAUymuX AiarHoctnyHux napametpis LHITH ams
KOXHOI ckianoBoi. [lpakTruHa akKTyalbHICTh
BOTO TIJIXO/AY TOJISTa€ B MOXJIHMBOCTI yJIOCKO-
HaJICHHS ICHYIOUMX METOJHMK Ta/ab0o BHKOpHC-
TaHHS TIPU TPOTHO3YBaHHI KPUTHYHHUX CTaHIB
IIIMH Bi;m MNOTEHIIHHO sIEPHO-HEOS3MEUHUX
CKyIueHb mMaiuBoBMicHUX Marepiani ([TIBM)
y komriekci «HoBwit  Oe3neunnii  kKoH]aH-
MeHT — «O0 ekt YiputTsi» («KHBK-OV»).

[Ticnsa Bcranoenenns HBK B mpoekTHe mo-
JIOXKEHHS JIETEKTOPH MITATHOI CHCTEMH KOHTPOITIO
SEpHOI OE3MeKH TOYal PeecTpyBaTH 301IbIIIEH-
g IIITH wa nepudepii moTeHUiiiHO sAEpHO-
HeOe3neunoro ckynueHust [IBM. 11i nporuecu Bin-
OyBarOThCA 3a PaxyHOK 3MIHM TEMIEpaTypHOTO i
BOJIOTICHOTO pexxuMy. B pesyinbrati 115010 Biioy-
BAE€ThCA BTpaTa BOJIOTH B TilOTETUYHO SIIEPHO-
HeOesneunux ckymaeHHsx [IBM Ta, BiamoBigHo,
3pocTtaHHs Koe(ilmieHTa pPO3MHOXKEHHS HEHTpO-
HiB, 110 CTABUThH MiJ CyMHIB BHU3HAueHI rapaHTil
anepHoi 6e3nexu [IBM kommiekcy « HBK-OVY».

Ha crorogni naykxosmi IIIb AEC HAH
VYxpainu Ta cneuianicta JCIT YAEC po3pobunu
«[Iporpamy moniTopunry [IBM OVY», Bignosia-
HO IO SKOi PO3pOOJIAIOTECS HE TUTBKHA METOIH Ta
MIIXOMW EKCHEPUMEHTAILHOTO ITiATBEPIKEHHS
aaepHoi Oesneku, ane W crnocodu eHeKTUBHOTO
OTIepaTHBHOTO KOHTpoIto mapametpiB [IBM. Ta-
KM YHHOM, aJTOPUTM aHali3y CKCITOHEHITIaTb-
Hoi 3anexxHocti 3minm LUIIH, na nHamy nymky,
Oyze BHKOpPHCTAaHMH B aBTOMAaTH30BaHHUX CHCTeE-
Max MITPUMKH TPUHHSITTS PilIeHb M0 3abe3me-
YCHHIO Ta IiIBUICHHIO PiBHS SIEPHOI OE3MEKU
komiuiekcy «HBK-OV».

TecTyBaHHS Ha EKCIIOHCHIIIAIBHICTh — I
3araJibHAN TEPMIH JUIS TECTIB BIAMOBIAHOCTI JIJIst
eKCIIOHCHIIWHUX po3nofimiB. s mocmimkeHHS
EKCIIOHCHIIIaJbHOCTI JTMHAMIYHOTO PAAY 3a J0-

MOMOTOK0 TTAPaMETPUYHUX METOJIB BHKOPUCTO-
BYETBCS BEJIMKA KUTBKICTh CTATUCTUYHUX TECTIB.

Tak, B po6oTi [3] posrasiHyTO 22 cTaruc-
TUYHI KpHUTEPii MepeBipKH EKCIOHEHIIATBHOCTI.
Bonu MmaroTe pi3He NpHUKIagHE HAMpPABICHHS,
pi3HI anroputMu oOOYMCICHb Ta (POpMyBaHHS
BHCHOBKIB, CTYIiHb 3Ha4ymIOCTi Ta iH. PexomeH-
JaIfii 11010 IX BUKOPUCTAHHS JJIs Pi3HUX 00’ €MIB
BHOIpOK HE CHCTEMaTH30BaHI Ta Pi3HOPiMHI Bix-
HOCHO ITOTYXXHOCTEH NPUBEICHUX KPUTEPIiB.

B pobGori [4] onucaHo 25 TecTiB, SAKi 4acT-
KOBO HEPEKPHBAIOTHCS 3 TECTAMM, ONMHCAHUMH B
[3]. ¥V wiit poboti HarosonIyeThCcss Ha MPAKTHY-
HOMY BUKOPHUCTaHHI 3a3Ha4eHUX TECTIB JUIs aHa-
T3y HaAidHOCTi, MPH TEpeBiplli acCHMETPUYHUX
PO3MOILTIB Ta aHANi3y MaHUX Ha JAUCKPETHU30Ba-
HUX YacoBUX iHTepBasax. Kpim Toro, BU3HaYeHO
MOTY>KHOCTI KpUTEPIiB U Pi3HUX PIBHIB 3HAUY-
mocrti Bix 0=0,01 go a=0,1, ame g1 0OMEKEHUX
3HaueHb BUOIpoK 00’emamm 12, 20 Ta 28 omm-
HUIIb.

B po6ori [5] mpoBoauThcsa nepeBipka exc-
MMOHEHIIaJIbHOCTI  TOMEPETHBO  [EH3YPOBAHUX
JaHWX 3a JOoToOMoror auBepreHuii Tcamica, Bu-
3HAYAIOTHCS KPUTEPii SKOCTI €KCIOHEHIiaIbHOC-
Ti Ha OCHOBI OIIIHKH PO3XO/KEHb NaHUX IS Pi3-
HUX piBHIB IIeH3ypyBaHHS. MeTonuka, mponoHo-
BaHa aBTOpaMH, MOTpedye 3HaYHUX iH(popMamiii-
HUX PEcypciB, aie Mae OUTBIIY MOTYXHICTh BH-
3HAYCHHS EKCIIOHEHITIaJbHOCTI MOPIBHIHO 3 iH-
OIMMHU TecTaMH. Pe3ynbTaTH migTBEpAXEHO MO-
JlenoBaHHsIM MeTogoM Monte-Kapiio.

Kpim TpamumiiHux nmapaMeTpuIHuX METO-
IliB, JUIS TIEPEBIPKU EKCIIOHCHIIATBbHOCTI TaKOXK
BUKOPUCTOBYIOTBCSl HEMapaMeTpU4yHI METOJU.
Hampuxoran, B po6oti [6] po3pobieHo HemapaMeT-
PUYHHUI TECT «aHall3 BiIMOBY, 0 0a3yEThCI HA
aHaJi3i Ta PO3paxyHKy MapaMeTpiB €KCIIOHEHIIi-
AJTBHOTO PO3IMOALTY. BUKOPHUCTOBYETBCS IS SIKiC-
HOTO aHaJli3y MOLIIBLHOCTI/HEIOIIIBHOCTI METO-
JIB JKyBaHHS, KOJU PO3IOJIIT YaCTOT MaE HEEeKC-
TTOHEI THNH/eKCITOHSHIIINHUH PO3MO/IiL.

MerozoI0Tisl OIIHKM E€KCIIOHEHIATLHOCTI,
po3pobiieHa aBTopamu [7], 6a3yerbcs Ha MOIU]i-
Kalil KpuTepio ekcrnoHeHwianbHocTi Jlimmiedop-
ca. ABTopamu po3po0JIeHO HOBHI TECT EKCIIOHCH-
mianeHOCTI — Goodness-of-Fit Test (GOFT), B
SIKOMY PO3TJIIHYTO aHali3 CyMH BCiX aOCOJIOT-
HUX PI3HMIP MK EKCIOHCHIIIHHOIW (YHKIIE
KyMYJISITABHOTO po3noniny (Cumulative
Distribution Function — CDF) ta BuOipKOBOIO
emmipuyHo (yHKIiEro po3nomiry (Empirical
Distribution Function — EDF). 3anponoHoBanuit
TECT TPOCTHH JUIS PO3YMIHHSA Ta OOYMCIICHHSI.
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Crip 3a3HaYUTH, IO HEJOIIKOM TECTY € HOro 00-
MEXKEHA MOTYKHICTh Ha BETTMKUX BHOIPKaxX JTaHUX.
[Ipote Ha 06’emMax BUOiIpok n<50 st piBHIB 3HAa-
gymocti 0=0,01; 0=0,05; 0=0,1 mOTyXHICTh TeC-
Ty € JOCTaTHBOIO.

Ha cporogni HaWMOBHIIINM OIJISIIOM CTa-
TUCTUYHHX TECTiB MEPEBIPKH EKCIIOHEHIIaIbHOCTI
¢ pocmimkenns Everestus O. Ossai, Mbanefo
S. Madukaife & Abimibola V. Oladugba [8], B
SKOMY pO3IJISIHYyTO Oinbiie 90 TecTiB Ha eKcHo-
HEHLIaNbHICTh. JlesKi 3 TECTiB € yHiBepcalbHU-
MU, TOJI SIK 1HII CynepevaTh IeTKUM OCOOIUBUM
KjacaMm psagiB posnominy. [lotyxHicTs 40 13 mux
PI3HHX TECTiB Ha EKCIIOHEHIIaJbHICTE HaOOPiB
JaHUX TIOPIBHIOETBHCA 3a JOIMOMOIOI0 MOJEIIO-
BaHHS MoHnre-Kapno. [TopiBHSHHS TPOBOJSATHCS
st 00’emiB BuOipok n={10, 25, 50, 100} mns
PI3HUX TPy PO3MOJLTIB BiAMOBiTHO 10 (hopMu
ixHiX ¢(yHKOid npu piBHI 3Hauymocti 0=0,05.
KpiM TOro, MeToaM OIIHKK €KCIIOHCHINIaTbHOCTI
3aCTOCOBYIOTBCS 10 IBOX peaJIbHUX HaOopiB ma-
HUX, a Mipa TOTYHOCTI BUKOPUCTOBYETBCS IS
NOPIBHSIHHS TECTiB. Pe3ynbTaTH MOKa3yroTh, IO
JIesIKi TeCTH, sKi IyKe XOpoImi B OAHiN rpyti
aTbTEPHATUBHUX PO3IIOMLIIB, HE € TAKUMHU B iH-
mriid rpymi. Kpim Toro, neski TecTH JEMOHCTpPY-
OTh BITHOCHO BHCOKY TIIOTY)KHICTh HaJl yciMa
TpymamMy albTepPHATHBHUX PO3MOJIiIIB, SKi BUBYA-
JIUCS, TOMI SIK JESIKI 1HIIN Majad HU3LKI MOKa3HUKA
HOTY)XHOCTi. Pe3ynbraTi, OoTpuMaHi 3 pearbHHX
Ha0OpiB JaHWX, TOBHICTIO Y3TOKYIOTBCS 3 pe-
3yJIbTaTaMu MOJICIIOBAHHSI.

Merta Ta 3agaui qocaizxenHs. TakuM 4u-
HOM, HAsSBHICTh BEJHMKOI KIJTBKOCTI KpHUTEpIiB
OLIHKM E€KCIIOHEHLIAJIBHOCTI BU3HAYAE 3aBIAHHS
iX IPaKTUYHOTO MOTHBOBAHOTO BHOOpY IS aHa-
T3y peanbHUX EeKCIEePUMEHTaJIbHUX naHuX. Lle
3YMOBIIEHO THM, [0 HasiBHA B MyOJiKaIlisx iH(pop-
Malrlisi He 03BOJISIE OHO3HAYHO BiaTH MepeBary
NIEBHOMY KpPHUTEpil0 Yd OOpaHiil rpymi KpHUTepiis.
BiammoBifHO, OCHOBHUMH 3aJa4aMHM CTATTI €:

- BU3HAUEHHS OLIHOK IIOTY>KHOCTEH IPyIH
KpUTepiiB, cOPMOBAHOI 32 O3HAKAMHU OOUMCITIO-
BaJIbHOT ONITUMAJILHOCTI T2 €()EeKTHBHOCTI;

- OCJTIKEHHS BIUTUBY 00’ €My BHUOIpKH HA
PO3MOAIN CTAaTHCTUK KPUTEPiiB MpU CHpaBEeIIH-
BOCTI NIEPEBIPKH T1MIOTE31 eKCIIOHEHIIAIbHOCTI;

- BIOPANKYBAaHHA HAa OCHOBI OITIHOK IIO-
TY>KHOCTEH Ta BIUIUBY 00 €MiB BHOIpOK AoCIIi-
JDKYBaHOI TPyNH KPUTEPIiB 3a IepeBarolo.

MeToro cTaTTi € MOHITOPUHT CTaTHCTHY-
HHAX KPUTEPIiB OMIHKHA E€KCIIOHCHIIabHOCTI JH-
Hamiyamx psaxgiB gammx [IIIH B xommiekci
«HBK-OY», BU3HaYeHHS TIOTY)KHOCTEW KpUTEPi-

B Ha OCHOBI MOJICJIFOBAHHSI, BiI0Ip MaKCUMaIbHO
e(eKTUBHUX KpUTEPiiB AJsl BU3HAYCHUX 00’ €MiB
CIOCTEPEKEHb.

Buxnang ocHoBHoro marepianay. Sxino
nmocmimpkyBanmii auHamivamid pan ILITH B rimo-
TETHYHO siiepHO-HeOe3neunoMy ckymueHHi [IBM
B koMmiuiekci «HBK-OVYy», skwuii peectpyeTbes
MaTYAKaMH, CTA€ BIAIMOBIAHMM €KCITOHEHINAIb-
HOMY 3aKOHY pO3IOJINY, TO IIe MOXE€ CBIIYUTH
PO MOXKITUBUH TEPEIKPUTHYHHNA CTaH SIEPHOT
Hebe3nevHoi cucteMu. ToMy TecTyBaHHsS J1acTh
3MOTY B PE&XHMI PEaThbHOTO Yacy MPOBOIUTH
OIIIHKY MapaMeTpiB PO3MOALTY 1 mpuiMaTH edek-
THBHI Ta CBOE€YACHI TEXHIYHI, TEXHOJIOTIYHI Ta
YIPaBIIHCHKI PillICHHS.

JwunamidHi paau naHuX, sKi (iKCYIOTBCS
JaTYMKaMH 3 TepioguuHicTio t=1xB B pexumi
24[7, aBnArOTH COOO0 MacuBU 00’€MOM IECITKH
THCSY OAWHMI. J[JIs OomepaTWBHOI OLIHKH Tapa-
METpiB PO3MOJLTIB 1 3MEHIIEHHSI OOYHCITIOBAIIb-
HOT'O HaBaHTA)KEHHS JIOLIJTFHO BUKOPUCTOBYBATH
JIMCKPETH30BaHI PN TaHUX MEHIIOI pO3MipHOC-
Ti, IPOTIOPLIHHOI Yacy pearyBaHHsl, Ul IPUHHSIT-
TSl ONEPATHBHUX pillleHb. 32 TaKUX YMOB IOCTAE
MUTAHHS TIPO BU3HAYCHHS MOTYXHOCTI KPUTEPIiB
OIIHKM EKCIIOHEHITIaIbHOCTI JAWHAMIYHHUX PAAIB
PI3HOTO CTYNEHs AUCKPETH3allii, BUOIpOK Pi3HUX
00’eMiB.

Kpim Toro, hopmyBaHHS TpyIH CTAaTHCTHY-
HUX TECTIB, SIKi JOIIIHPHO BUKOPHUCTOBYBATH IPHU
OLIHIII E€KCIIOHEHIIAJIbHOCTI MAaCHBIB JaHHUX
LIITH B xommiekci «HBK-OVY», nmpoBomumocs 3
ypaxyBaHHsAM ix iHpopMariiiHoi ckimagoBoi. st
CTBOpPEHHSI aBTOMAaTHU30BAaHOI CUCTEMH OILIIHKH Ta
KOHTPOJTIO €KCTIOHEHIIAIbHOCTI JTUHAMIYHUX Psi-
nip LIITH, Bu3Ha4YeHHS MOMEHTIB IEPEXOIIB [0
HECTaIllOHAPOHOTO CTaHy, BH3HAUYEHHS TMapaMer-
PiB KPUTHYHOCTI TaKHWX HEPEXOJiB MPOMNOHOBaHI
TECTH TOBHHHI MaTH OJHOYACHO 1 HEBEIIMKY 00-
YUCITIOBAJILHY €MHICTh, 1 JOCTaTHIO TOYHICTH,
MOTY>KHICTh Ta CTATUCTUYHY 3HAYYIICTh.

Takox rpymna CTaTHCTUYHHX TECTIB, JOC-
JMHKYBaHUX Yy pOOOTI, BKIIOYAE MOXKIHBICTD
OI[IHKY PO3IOJLIIB, SKi € BEPCIIMH SKCITOHCHII-
aTbHOTO — TOKa3HWKOBOTO, Beilibymna, ramma-
posmoairy. OmiHKa MOTY>KHOCTI TeCTiB ITPOBOIH-
JIach HA OCHOBI 3MOJICITIbOBAHUX JUHAMIYHUX Psi-
IiB 3a Pi3HUMH 3aKOHaMH PO3MOALUIIB 3 BKIIIO-
YEHHSM EKCIIOHEHIIIHHOT CKJIamoBOI Ha pI3HHUX
JaCOBHUX IMPOMIKKaX.

Bci kpurepii OLIHKH E€KCIIOHEHIiaJbHOTO
pO3MOJTYy MOXKHa TpYIMyBaTh 3a JCKiUIbKOMA
O3HaKaMHu, a came: opmMa MpeJCTaBICHHS JaHNUX
JUTSL TOCJTIJDKEHHS, BUMOTH JI0 BUOIpKH, MPOCTO-
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Ta/CKNaJHICTh PO3pPaxyHKiB, MOTYXHICTb, (op-
MYJIIOBAaHHS TillOTE3, METOJ MPEJCTABICHHS pe-
3yJbTaTy TOLIO.

JAns po3B’s3aHHs 3amadyi BHU3HAUYCHHS 32
peaTbHUM JUHAMIYHHM pSAIOM CHOCTEPEKEHb
MOMEHTY a00 9acoBOro iHTepBaily, KOJIH 3aKOH
po3nojainy HaOyBae eKCIIOHEHIIabHOI (hopmu,
JOLIBHO BU3HAYUTH HaOIp TECTiB, sIKi BpaxoBY-
I0Th CTPYKTYPY JOCIIDKYBaHOI BHOIPKH, MAalOTh
JIOCTaTHIO CTATHCTUYHY IOTY)KHICTh JJIsi BH3HA-
4eHuX 00’€MiB BHOIpOK, MOXYTh OyTH MOpiBHS-
HO JIETKO poO3paxoBaHi Ta, 3a HEOOXIJTHOCTI,
nporpaMHO peaiizoBaHi. Ha Hamry aymKy, IUist
peamizamii MOCTaBIeHOI METH Ta 3a1ad JOCIHi-
JOKEHHSI JIOLJIbHO BUKOPHCTOBYBaTH IEPEITIK
KpHUTEPiiB, ONMMCAHNI HUKYE:

1) Kpurepiit Hlamipo-Yinka [9] moxna
BUKOPHCTOBYBAaTH ISl BIIOPSIKOBAHOI BHOIPKH
X1< xo<.....<xp, KOJIM HEBIJJOMA II0YAaTKOBA TOYKa
posmoairy. [Ipy oMy poO3TIIAIaloTh IIUTBHICT
HAMOBIPHOCTI 3 HEB1IOMUM MapPaMETPOM L

1 xX—u
flx) = exp (ZE). €
Cratuctuka Ilamipo-Yinka mis BuOipku Nn<20
Mae BUTTIS

n(x—x4)?

TR X, (F-x)? @

Wk
Ie n,Xx;, X — 006’eMm BHOIpKH, i-T€ TOTOYHE Ta
CepelHe 3HAYCHHA PIiBHIB JUHAMIYHOTO PsLy
BIJITOBIIHO.
Jns n>50
(Xx—x1)*
Z?:l(f_xi)zl

Po3paxoBani 3HaueHHs cratuctukun Wg TOpiB-
Hiot0Th 3 Kputnuumu Wi (a) Ta Wo(a) st 3aza-
HOTO PIBHA 3HAYYIIOCTi. SIKIIO BUKOHYETHCS
ymoBa Wi(a)<Wg <W,(a), To rinoTtes3a mpo ekc-
MMOHEHITIATBHICTL PO3IIOALTY CIIPaBEIINBa 3 JOC-
ToBipHicTIO 0. MoaudikoBanuii kpurepiii [Llarmi-
po-Yinka TakoX MoKe OyTH BHKOPHUCTaHUH ISt
IeH3ypoBaHoi (T030aBICHOT BiJ aHOMaJIBHHUX
3Ha4Y€Hb) BIOPSAKOBAHOI BUOIPKH.

2). Kpurepii Tuny Koamoroposa-CmipHoBa
BKITIOYAIOTh KpuTepiit Annepcona-/lapminra [10],
kpurepiii CmipHoBa-Kpamepa-¢pon Mizeca [11],
kputepii Yorcona [12]. Bonu sBisitoTh 00010
Moudikarii kputepito Kommoroposa-CMmipHOBa
JUTSL TIEPEBIPKH EKCTIOHCHITIAILHOCTI 3aKOHY PO3-
MOy WMOBIpHOCTEH 3 HEBIIOMUMH IapaMmer-
pamu:

W = (2.1)

F(x)=1-—exp (—x_T”), 3

Jie (. Ta V — OLIHKY HEBIJOMHX HapaMeTpiB BHOip-
KW, SIKi MOXYTh OyTH 3HalICH] i3 BIIOPSIKOBAHOI
BUOIPKH X1< X7<..... < Xy SIK

n—1 ' (4)

=

SIKmo mpoBecTH 3aMiHy BHAY xlT = Ww;, TO
pO3MIISIIal0OTh HOPMOBAaHHWNA E€KCITOHEHITiaTbHIH
posnoxin z; = 1 — exp(—w;). Toxi moxudixo-
BaHI KpUTepii MarOTh BUTJISII;

- Aanepcona-/lapminra:

1

A% = —=Xi12i = Dllnz; + In(1 -

Zns1-i)] — M )

- CmipraoBa-Kpamepa-¢pon Mizeca:

2i-1\% | 1
Wi=St(a-5) +5 ©

- Yorcona:
U?=w?-n(z-0,5)? (7

e Z = %2?=1 Zi.

PospaxoBaHi 3uaueHms cratuctuk A2, W2 ta U?
nopisHio0Ts 3 kputnunnmu A% (@), W2(a) ta
U?(a) mia 3anaHoro piBHA 3HauymocTi @. Sk-
IO pPO3paxoBaHi 3HAYEHHS CTATHCTUK MEHII
KPUTHYHUX, TO TIlOTe3a PO EKCIIOHEHITIaTh-
HICTh PO3MOJIUTY CIpaBeIInBa 3 JOCTOBIpHIC-
TIO Q.

OxpeMo B IIbOMY MEPENiKy CIiZ 3BEpHYTH
yBary Ha kpurepii CmipHoBa-Kpamepa-pon Mi-
3eca s 1eH3ypoBanux ganux [13]. [lpu anamisi
PO3TIIAgaeThCs LIeH3ypoBaHa BUOIpKa, B sIKil BCi
CIIOCTEPEKEHHS O1MIbII, HIK JesKa BETMYMHA X,,.
Lle o3Hauae, M0 MPOBOAUTHCS OIIHKA €KCIOHEH-
iaTbHOCTI K criocTepexeHs i3 BUOIpKU 00’ eMOM
N, sIKi 3a10BOJIBHIOTE YMOBI 0 <x1 <xp <.....<Xxp.
IepesBipsieThes TimoTesa mpo Te, 1o K crmocrepe-
JKEHb B3ATi 13 BHOIPKH, SIKa Ma€ eKCIOHECHLINHY
($yHKLII0 PO3M0AiTy HMOBIPHOCTEH BHIY

F(x)=1-—exp (—f) 8)
Or1riHKa mapaMeTpa v BU3HAYAETHCS K
A1
b= L[S0y 2+ (n = K)x). ©
Or11iHKa CTyTICHS IICH3YPYBaHHS p.

p=1—exp (— ;;_n) (10)
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. X
Ipu 3amini z; = 1 — exp —3 ) cratucruka

kpurepito CmipHOBa-Kpamepa-hon Mizeca pos-
PaxOBYETHCS SIK

2 ok 2i-1\? | 1
W =3 (2= 50) +op @D

Skio Vl/p2 < sz (@), rinoTesa ekcroHeHIiANb-
HOCTi IPUMMAETHCS.

[IpuBeneHi CTAaTUCTUKM OUIHKKA E€KCTIOHEH-
I1aTLHOCTI TPYHTYIOTHCSI B OCHOBHOMY Ha aHaTi-
31 mapaMeTpiB po3Mmoaily.

HactynHa rpymna CTaTUCTUK € JOCTaTHBHO
MIPOCTOIO B PO3PaxyHKax 1 OpiEHTOBaHA Ha aHAII3
CepelHiX BEJIMYMH, MapaMeTpiB PO3CiIOBaHHS,
Bapiarliii Ta 3B’ 3KiB y JOCTIKyBaHI BUOIPII.

3). Kpurepiit @pouuni [14] moxe Oytn
BUKOPUCTAaHUU 10 PAH)KOBAHOI, IEH3YPOBAHOI YU
HEBIOPSAAKOBaHOT BUOipku. Po3paxyHok craTuc-
TUKU 332 KPUTEPIEM MPOCTHH 1 MPOBOAMUTHCS 32
thopmymoro

By ==Y |1 —exp(-32) =2, 12

X n
_ 1 . .
ne n, x;, X = ;Z?ﬂ X; BIAMOBIIHO 06’€M BH-
OipKHM, TIOTOYHI 3HAYCHHS Ta CEPEIHE apudme-
THYHE 3HAYEHHS TSI BUOIPKH.

BucHOBOK mpo MiATBEpPKEHHS YW BiAXU-
JICHHSI TIMOTE3 MPOBOIUTHCS TPAJUIINHO: SIKIIO
B, < B,(@) - rinote3a eKCIOHEHUIATLHOCTI
MPUAMAETHCS.

4). Kpurepiit dimepa MpocTwii y po3paxyH-
KaX, MOKE€ BUKOPHUCTOBYBATHUCS JI0 PAHKOBAHOI,
[IEH3ypOBAHOI YW HEBIIOPAIKOBAHOI BHOIPKH.

JIiis BXiTHOTO PAAY CIIOCTEPENKEHD X1, Xp,....., Xp
CTaTUCTHKA KPUTEPII0 MAE BUTIISIT
Y, Xi
= ==t (13)
(n—1)x;

Ils cratmcTHKa TIPW CHPaBEIIUBOCTI TIlOTE3H
PO EKCIOHEHLIMHUI po3moain y BUOIpHi Mae
F-posmonin ®imepa 3 f;=2n-2 Ta f, =2 crynens-
mu BitbHOCTI. SIKkimo F<F ), To rinoresa mpo
EKCTIIOHCHITIATbHICTh MPUHMAETHCS.

5). Kpurepiit baprierra-Mopana [15] Ta-
KOK € JIOCTaTHhO MPOCTUM y peajisaiii Ta He
BHCYBAa€ OKPEMHUX BHMOT 10 BHOIpKH, sSKa aHalli-
3yerbest. [ BXimHOTO PAdyY X1, X2, ....., Xp CTa-
THUCTHKA KPUTEPIIO Ma€e BUTIIST

B = 7112:21 [ln (% ?zlxl-) + %Z?zlln xi]. (14)

IIpu N>20 po3mnoais CTaTUCTUKK B 100pe ampok-
cumyeThes  y2 —posnozinom 3 f =n — 1 cry-

neHsMH ButbHOCTI. Slkmo B < )((za,f), TO TiNoTe-

32 €KCHOHEHLIAIBHOCTI MPUHMAETHCS 3 WMOBIp-
HicTIO 1-0.

6). Kpurepiii Haiibinbpmoro iHTepBaly
MPOCTHI y peaiizamii 1 CriBHamae 3i CTaTUCTH-
koro Koxpana mj1s1 mepeBipku OZHOPITHOCTI JHC-
nepciit. CTaTHCTHKA KPUTEPII0 BU3HAYAETHCS 5K

max;<i<n (Xi—Xi—1)

T’n: n

i=1

(15)
Sxmo Ny <Ny (), TO TiNOTE3a NPO EKCIIOHEHIia-
JBHICTh IPUHMAETHCS.

7). Kpurepiit Xaptai [16], a6o TecT-Fpax
TAKOXX BHUKOPHCTOBYETHCS sl MIEPEBIPKH OIHO-
pizHOCTI mucnepcid. OauH 13 HAMOIIBII TPOCTHX
y peaii3allii i MO)Ke€ BUKOPHUCTOBYBATH HEIICH3Y-
poBani gani. CTaTUCTHKA KPUTEPil0 BU3HAYAETD-
csl SIK

h(n) = D¥asisn(*) (16)
min;<; < (%)
Slkmo h(n) < h(n)y, To rimoresa mpo ekcro-
HEHIIAJIbHICTD IPUIMAETHCS.

8). CraHOBUTH iHTEpeC KOpesIiiHUN
KpUTEpiil excroHeHuianbHocTi [17], skuit Mae
BHCOKY TIOTYXHICTb 1 OIMCYE KOPEJAIIHHI
3B’SI3KH MK PIBHSMH Psiy, IO JOCHTIKYETHCS.
[Ipu anHami3zi EKCIIOHEHITIHHOCTI PO3TIIATAEMO
¢yHKIi0 po3noAiny (3), OLiHKK MapaMeTpiB BU-
OipKu u Ta v pO3paxoByOThCs 3a popmynamu (4).
Cratuctuka KpuTepito 0a3yeTbea Ha KoeQilieHTi

KOpenslii MK  HOPMOBAHOK  3MiHHOKO
X~ .

117 = W; Ta MaTeMaTHYHUM OYIKYBaHHSM i-i
MOPSIJIKOBO  CTAaTUCTUKU 13 EKCIIOHCHIIIHHOTO
pO3MOAUTYy, SKUH TPEACTaBICHUN BHOIPKOIO
00’emMoOM N:

Yiv (wi—w)(m;—m)

T(wm) = , (17),
[T i) I (mimrmy?
— i 1
Ae m = Zj=1n—j+1'
SAxmo n>20, TO BUKOPHCTOBYIOTh
m, = —In (1 — ﬁ) Toxi BimmosimHi craTuc-
THKU MAIOTh BUIJIA/
_ 2
K(w,m) - n[l - 7ﬂ(w,m)] (18)
_ 2
Kow,m) = 11 = 13.m)]

AKIWO Kw,my < Kow,m) (@) 91 Ky iy < K, (@),
rimoTe3a eKCHOHEHIIATLHOCTI TPUAMAETHCS.
Cepen kpuTepiiB, sKi 0a3ylOThCS Ha aImpo-
KCHMAIliIX HECKCTIOHCHI[IMHUX DPO3IMOIIIIB, CIIiJ
BII3HAYHTH KpUTepii Kmvko-AnTna-
Penemakepa-Poxkerra [18] Ta xputepiit Jloynecca
[19], sIKi MarOTh TOCTAaTHIO MOTYKHICTb, MIPOCTi Y
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po3paxyHkax, OalmyXi A0 CTPYKTypu BHOIpKH,
JIETKI y IpOoTpaMHIN peaizariii.

9). Kpurepiit Knumko-Anrtna-Penemakepa-
Pokerra 0asyerbcsi Ha mepeBipui KoedilieHTa
dopmu =1 y posnoxim BeiiOyna 3 ¢yHKIi€0

BUTY
F(x)=1—exp {— (%)ﬁ}

Axmo =1, to posnoxin Beiibyna mepexoauts
B eKcrioHeHUiHuKA. Tomy mepeBipka rimoresu
HO: =1 exBiBaJiecHTHA TEPEBIPIll TIIOTE3H EKC-
MOHEHITIATBHOCTI PO3TOILITY.

Jns omiHKK mapameTpa ff BUKOPHUCTOBYIOTH all-
-1,075

(19)

. ~ g ..
pokcumariiro € = vV eV = —— koeirieHT

Bapiamii. B 3aragpHOMY BHTJISMI AJI TphOXIIapa-
METPUYHOTO po3noainy BeiiOyna

I, (- ®)?

n—1 Zi=1XiTX

n o Tming:i——a—3S"  (i—minx) |V
i=1{xl [mlnxl -1 teq (xi mlnxl)]}

V=1
n

(20)

YTouHeHe 3HAYCHHS TapaMeTpa ¢ BU3HAYAETHCS
ak ¢ = Vn(€ — 1). Slkwo ¢ < C(gpny, TO rino-
te3a HO: =1 (rimore3a eKCIOHEHITIANBHOCTI) —
MPUAMAETHCS.

10). Kputepiii Jloynecca 6azyerbcs Ha Tie-
peBipiii  GopMH TaMMa-po3MOMLTy, CTaTHCTHUKA
KPUTEPIit0 BU3HAYAETHCS K

w =2, (21)

R R

ne ¥ = /I1l%, x; — cepemnst reomeTpuuna st
BUOIpKH,

X = %Z?:l X; — cepenHs apupMeTUdHA IS
BUOIpKH
Slxmto mapamerp GhopMH TaMMa-po3MOILTY JOPiB-
HIo€ K=1, TO pO3MOJIiN epeXoAnuTh B EKCIIOHEH-
miiiauii. Tomy mepesipka rimoresu HO:k =1
npotu  amprepHatmBEux H1:k >1 T
H1:k <1 exsiBanentna mepesipii rimoresm
PO SKCIOHEHINATbHUN PO3MOMIN JaHUX Yy BH-
OipIi, sIKa MOCHIHKYETHCA. SIKIO BUKOHYETHCS
ymoBa Wi(o) < W < Wi,(x), 1o rinoresa
PO EKCIIOHEHITIATBHICTh PO3IMOAUTY CIIPABEITH-
Ba 3 JJOCTOBIPHICTIO .

Hapeneni BWIEe CTaTHCTHYHI KpHUTEpii
OITIHKM EKCTIOHCHINIAIbHOCTI NWHAMIYHUX PSIiB
0o0paHi HaAMU 13 BEIMKOTO MACHBY CXOXHX KpHUTE-
piiB 3a 0O3HaKaMH MPOCTOTH pealtizalii, 10CTaTHbOT
JIOCTOBIPHOCTI PE3yJIbTATIB Ta MOXJIMBOCTI IIPO-
rpamMHoi peamizauii. [3 00paHux KpuTepiiB Mo>kHa
BUYJICHUTH SIKICHI TPYIIH, SIKi MAIOTh AEAKi 0CO0-
JIMBOCTI iX BUKOPUCTAHHs, HaBeIeH1 B Ta0uuii 1.

Tabmuus 1 — SkicHa xapakTepucTHKA
KPUTePIiB OLIHKHM eKCIIOHEHUiaJbHOCTI

Ne Mepemnix 3aranbpHa [MpumiTkn
rpy- KpHUTEpiiB XapakTepu-
Jaby CTHKa
kputepiii lamipo- | HeoOxia-
Vinka; HICTh LIEH-
KpHUTepili AHAep-  |3ypyBaHHA
I COHa-ﬂjclpHiHI'"a; /:locn_izmcy-'
kpurepiit CmipHO- | BaHOi BHOI-
Ba-Kpamepa-pon | pku
Miseca;
KpuTepiit YorcoHa
kputepiit @pouuHi; |aHami3 BUKOPHCTOBY-
kputepiii Dimepa; |cepeaHix; |IOTbCA I LCH-
II |xputepiit baptner- |anamni3 3ypOBaHOi Ta
ta — Mopana; Bapiauiit HELICH3YPOBaHOT
kpurepiit Xaprii BUOIpOK
EDF-kputepiit; KOpeJsimiii- |aHal3 aBTOKOpe-
kpurepiit KnuMko- |Huit aHami3; |nmsmiff  eleMeHTiB
Antna- aTnpokcH- | BUOIpKWY,
Penemaxepa- Mamisi  He- | nepeBipka koedi-
Il |Poxkerra; eKCIIOHewi- |IlieHTa (GOpMH B
kputepiii Jloynecca |agpHIX posnoxini  Beii-
posnoainis |Oyna;
nepeBipka opmu
raMMa-po3HoIiTy

Crnaodeno 3a: [3-19]

MeTtoauka Ta aJrOpHTM €KCHepPUMEH-
TAJbHUX AOCTiXKeHb. Y poOOTI MHOKMHA aHa-
J30BaHUX KPUTEPIiB JOCTIHKyBasacsi METOAaMU
IMITAI[ifHOTO Ta CTaTHCTUYHOTO MOJETIOBAHHS.
OckinbKu poO0Ta € MPOJIOBKEHHSAM JIOCIIPKEHb,
ory6mikoBaHuX y [2], To A MpoBemeHHs iMiTa-
LMIHHOTO Ta CTATUCTHYHOI'O MOJCIIOBAHHS Ta
aHaNi3y pe3ynbTaTiB oOpaHi Ti X MAaCHBH CIIO-
crepexxenp auHamiku LI[ITH B OY 3a mepiog
01.08.2019 p. — 31.08.2021 p.

AHaJi3 TOCTIKYBAaHUX CTaTHCTUYHUX KPH-
TEpiiB OIIHKKA EKCITOHCHITIAILHOCTI BKITIOYAE 1Mi-
TaIliifHe MOJICTIFOBAaHHS Ha JUCKPETHUX BHOIpKax
KIHIIEBOI JOBXHHH, OTPHAMAHHX 32 IOTIOMOTOIO
CKCTIOHCHI[IAJIbHUX Ta OJM3BKHUX JIO HHUX 3aKOHIB
po3moniTy, Ta MepeBipKy pe3yiIbTaTiB iMiTamiifHO-
T'O MOJICITIOBaHH: Ha pealbHUX BHOipKax. Ha erarmi
IMITaIIIfHOr0 MOJENIOBaHHS PaHIOMHO OyiH 3re-
HEpOBaHI BUOIPKU KiHIICBOI JOBXKWHH JUISl Pi3HUX
JOCIHIPKYyBaHUX 3aKOHIB po3noAity. Sk 1 B poOoTi
[2], nns amamizy Oynm oOpaHi HacTymHi 00’emu
JOCHIPKyBaHUX BHOIpOK: N=730 (IHCKpeTHICTH —
1 nenn), N,=96 (muckpeTHicTh — 1 TIKAEHB), N3=73
(muackpetHicTh — 1 nexama), N;=24 (IUCKPETHICTH —
1 micsip). Bubip came Takux 3Ha4eHb BiAIOBiAAE
KymyssTuBHUM 3HaudeHHsM IIITH 3a neds, Twx-
JICHB, JICKAJTy Ta MICSIIb.

3a OCHOBY aJITOPUTMY JOCIIIKEHD B3STHHA
ITOPUTM, 3alpornoHOBaHMU B [2], 3 Mogudika-
IiSIMU BIZTOBITHO JI0 MEXaHI3My aHaJi3y:

1. 3a momomororw reHepaTropa BHITaIIKO-
BHUX YHCEJl MPOBOJIUTHCS TCHEpaIllisi MAaCUBIB Jia-
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HUX 00’ emamu N1=730, N,=96, Nn3=73, N,=24 mis
€KCIOHEHLIHHOTO po3noniny (pyHKLisK
EXPON.DIST.), posmoniny BeitOyna (pyHkris
WEIBULL.DIST.), ramma-posmoainy (hyHKITisS
GAMMA.DIST.) 3 BiAMOBiAHUMYH HaNaIITyBaH-
Hsamu. [Ipu renepanii MacuBiB 3afjaHi mapaMeTpu
CEepemHBOro X; Ta AWCIEpCii Uiz Oynmu MakcuMma-
JHHO HAOMIKEHI 70 pealbHUX 3HA4YCHb Cepell-
weoro Ta pucnepcii LITH na gocnimxyBanomy
00’exTi 3a mepiox 01.08.2019 p. — 31.08.2021 p.

2. Jlns xpurepiiB I rpynu (tabmums 1)
IIPOBOJUTHCS LIEH3YPYBAaHHS 3MOJIEJIbOBAHOI BU-
OipKH 3a 3pOCTaHHSAM DiBHIB Py 3a 3pOCTaHHIM
KOXKHOI 3TeHepOBaHOi BUOIPKH; Ui KPHUTEPiiB
rpyn [-1II mpoBoanThCSI BU3HAUEHHS OLIHOK He-
BiZJOMHUX TIapaMeTpiB BUOIpKH X;, al-z, [ TaV.

3. Po3paxyHOK CTaTHCTHK KPHTEpiiB Ta
(dhopMyIItOBaHHS ~ BHCHOBKIB IIPO  BIIOBIJI-
HICTh/HEBIAMOBIIHICTB T1IIOTE31, SKa MIEPEBiPSIETHC.

n,=730

YacTka BU3HAUEHHMX
EKCIIOHEHIIIaJIbHUX PO3MO/LTIB, %

PO3MoILIiB, %
[$2) [«2) ~l [e0) [(e)
o o o o o

N
s

w
o

YacTka BH3HAYECHHX CKCHOHQHLliaJ'IbHHX

20

10

B)

4. BuzHaueHHs MOTY)XHOCTEH KpUTepiiB
SIK JIOJIi IPAaBUIIBHO 11eHTH(IKOBAaHUX PO3MOALIIB
y MacHBi €KCIIEpUMEHTAIbHUX JTaHHX.

5. AHami3 MOTYXHOCTI KPUTEPIiB 3aJiexK-
HO BiJ] BEJTMYUHH BXiTHOI BUOIPKH.

Crin 3a3Ha4uTH, WO A BU3HAYCHHS TIO-
TY>KHOCTEH KpHUTEpiiB AN KOXXHOTO OKpPEMOTo
00’eMy BUOIpKH N; 3a 3alaHUM 3aKOHOM PO3IIO-
nimy mpoBoaminocs renepyBaHHs N=10 BuOipok
3a yMoBOIO X; * koj, ne 0; — cepeqHe KBaapa-
THYHE BiIXWICHHS -1 BUOipkwH, k = [1,0 + 10,0].

[ToTy>XHICTh KPHUTEPII0 BHU3HAYAETHCSA SIK
JIOJISl TIPAaBUIILHO 1IEHTU(IKOBAHMX 3aKOHIB PO3-
nofiny i piBHs 3HauymocTi 0=0,05.

Pe3yabTaTu imiTanilinoro mopenioBaH-
H Ta MOHITOPHMHTY NOTY:KHOCTel KpHUTepiiB.
Pesynpratn MOHITOPHHTY KpHTEpiiB Ha OCHOBI
3T€HepPOBAaHMX MACHBIB JAHHUX AJISI IEPIIO] TPYIH
KpHUTEpiiB 300paskeHO Ha PUCYHKY 1.

n,=96

80

posmozinie,%
w B [$a) D ~l
o o o o o

Ny
o

YacTka BU3HAUEHHUX EKITOHEHIiaIbHIUX

=
o

n,=24
100

A O o
o O o

posmoainis, %

w
o

N
o

YacTka BU3HAYCHUX CKCHOH@HL{iaJ’Ile/lX

[
o

10
k

r)
a) N;=730, 6) N,=96, B) N;=73, r) ;=24
@ — kpurepiii [llamipo-Yinka; @ — kpurepiii Angepcona-/lapiinra;
© - xpurepit CmipHOBa-Kpamepa-hon Mizeca; © — kpurepiit YoTcoHa
Pucynok 1 — Oninka notry:kHocTeil nepuoi rpynu Kpurepiis
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Pe3ynprard  MOHITOPUHTY  KpHUTEpIiiB
Ha OCHOBI  3r€HEPOBAaHUX  MACHBIB  JaHHUX
100 n,=730
° 90
280
4=
510
S 560
58
z % 50
5 5 40 eossessess000000000000000000000000000000000N00
0
€330
g E 20
T2
o 10
S . CoSeSSSS000S00000000000000000000000000000000
Z 0
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x X
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55
jout
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s 10
I
Q
= oot nooCTo T TINONCIEITITIIIIIIIND
&
0

~ 5

JUISL IPYTOi TPy KPUTEPIiB 300pakeHO HA PH-
CYHKY 2.

YacTka BU3HAYEHUX
EKCTIOHEHIIATbHUX PO3MOALTIB, %o

o N B OO

UacTka BU3HAYEHUX
EKCTIOHEHIIaIbHUX PO3MOALTIB, %o

n,=96

D ~
o o

al
o

|

30
20
10
[Ceeeeeeeeeeeeeeeeeeeeeeeeeeeaeeaeteeeeteeteec)
0
1 2 3 4 5 6 7 8 9 10
k
6)
n,=24

e O e
o N M OO ©

a) N;=730, 6) N,=96, B) N3=73, r) ;=24
@ — kpurepiii @pouuHi;
@ — xpurepiit Xapti;
® - xpurepiit bapnera-MopaHna,
@ — xpurepiii Oimepa

PucyHok 2 — Ouinka noTy:kHocTel Ipyroi rpynu Kpurepiis

Pesynmbrat iMITalifHOTO MOJIEITIOBAHHS
Ta MOHITOPUHTY TIOTY)KHOCTEH CTAaTHCTHYHHX

KpHTEpiiB

1 2 3 4 5 6 7 8 9 10
k
r)
TECTYBaHHS  ©CKCIIOHCHIIAJIbHOCTI

III rpynu 300paskeHO Ha PUCYHKY 3.
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n,=730
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YacTka BU3HAYECHUX
CKCIIOHCHIIATBHUX PO3MOALTIB, %

YacTka BUSHAYEHUX
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a) N;=730, 6) n,=96, B) N3=73 1) N,;=24
@ — kopesiiinuii Kputepiit,; @ — kpurepiii Kimumko-Antna-Peremakepa-Pokerra;
® — xputepiii Jloynecca
Pucynok 3 — Oninka notrykHocTeil TpeThoi Ipynu KpHUTepiiB

OoroBopenHs pe3yabTatiB. [IpoBenenwmii
MOHITOPHHT TOTYXKHOCTEH KPUTEpIiB Jae 3MOTy
CTBEPJKYBaTH, IO TEpIlia Tpyrna KPUTEPIiiB Jie-
MOHCTpY€ TapHy MOTYXXHICTh Ha HEBEIHKHX BU-
6ipkax (n;=24), sika 3MCHIIYETHCS 31 3POCTAHHIM
00’emiB Bubipok (N;=730, n,=96, nz=73). Cuix
3a3HAYMTHU TAKOXK, IO 31 3pOCTAHHSAM PIBHS JHC-
nepcii BHOIpoK X; + ko, AKi mochimKyBamucs,
TakKa TEHACHIIS IOI0 BETMYMHHA BUOIPOK 30epi-
raeTbCs HAa BCHOMY Jliama3oHi JOCHimkeHb. Ta-
KOX 13 TIPOBEIIEHUX JTOCIIHKEHb BHIIHO, 10 KPH-
tepii Tunmy Kommoroposa-CmipHOBa TOCTyma-
I0ThCS 32 MOTYXKHicTIO KpuTepito Hlamipo-Yinka
Ha BCIX Jiama3oHax 3Ha4eHb X;.

Jpyra rpymna KputepiiB IeMOHCTPYE BHCO-
Ky TOTYXXHICTh Ha Benukux BuOipkax (n;=730,

n,=96), 3a BuHATKOM KpHTepito Pimepa. Kpure-
pii ®poruni Ta XapTiai MalTh 3HAYHO OLIBIIY
MOTYXKHICTh MOPiBHSHO 3 KpuTepismu Pimepa ta
Bapnera-Mopana. IloTyxHicTh KpuTepiiB 3MeH-
IIYETHCS 31 3MEHIIIEHHSAM 00’ €MiB BUOipoK. 3poc-
TaHHS PiBHA aucrepcii BuOipok X; + ko; mpak-
THYHO HE BIUIMBAE Ha PiBEHb MOTY)KHOCTI KpHUTE-
piiB, 110 CBIAYUTH PO IX CTANICTh Ta 3HAYYIINICTh
Ha BCHOMY Jlialla30Hi 3HAYCHb X;.

Tperss rpyma KpuTepiiB eQeKTHBHA s
BUOipok Benukux 00’emiB (N;=730), mpoTe mO-
TYXKHICTb KPHUTEpiiB 3Ha4HO (NPUOIU3HO B 2-
4 pa3u) 3MEHIIYETbCS MPH 3MEHIICHHI 00’€MiB
BubOipok (N,=96, n3=73, n;=24). 30imbIIcHHS
00’eMiB BHOIPOK Ma€ BIUIMB Ha MOTYXHOCTI KpHU-
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TepiiB. Ha BuOipkax BeaukKux 00’ €MiB Il BILTUB
cranoButs 1,35-2,3% Ha ko;.

Crin 3a3HaYUTH, IO TOTYKHOCTI KPUTEpi-
iB Bu3Hauanucs 1ist piBHA 3Hauymocti o=0,05.

BucHoBku. /Jlpyruii ertam JOCIiKCHHS
muHamiky LITH B kommuiekci «HBK-OY» BKiTI0-
yae 3amavi BM3HAYEHHS MOMEHTIB/ iHTEpBasiB
MepPEeX0y TPEH/IIB 10 EKCIIOHEHITIaTbHUX 3aKOHIB
posnoainy. [IpoBeaeHe HoCHiKEHHS Ja€ 3MOTY
KOHCTAaTyBaTH, 1[0 TPH PO3B’S3KYy 3a4adi TPEeH-
nmoBoro aHanmizy macusiB manux IITH B cucremi
KOHTpouo siiepHoi Oesrrekn [IBM Ha mpyromy
eTarti HeoOXiTHO BU3HAYNTH HAOIp ONMTHMAIBHIX
KpUTEPiiB OLIHKM EKCIIOHEHLIaJbHOCTI Ta MEX
ix BuKopucTaHHSA. B pesympTaTi imiTariifHOTO
MOJICIIIOBAaHHSI BCTAHOBIICHO, L0 MaKCHMallbHa
e()eKTUBHICTh CTATHCTUYHOTO OIIIHIOBAaHHS Ta-
paMeTpiB €KCTIOHEHITIaJTbHOCTI JOCSATAEThC TPU
BUKOPHUCTaHHI sl TECTYBaHHSI KPUTEPIiB 3 Mak-
CHUMAaJIbHOIO IOTYXKHICTIO, fIKa, B CBOIO 4Yepry,
3aJIeKUTh BiJl BEJIMYMHU TOCIIIXKYBaHOT BUOIpKH.

Tak, 11 MacHBIB CIIOCTEPEIKEHb 3 PIBHEM
muckperu3anii 1 nerp (06°em Bubipku Ny=730)
MaKCHUMalIbHO €()EeKTUBHUM Oy/le BUKOPHUCTAHHS
kputepito @porini (II rpyma) Ta xopensmiitHOTO
KPHUTEPil0 eKCIIOHEHIIabHOCTI 1 KpuTepito Kiu-
MKo-AHTHa-Penemakepa-Pokerra (III rpyma),
MOTYKHICTB SKUX JIGKHUTH B Mexkax 87-99%.

Jns MacuBiB criocTepeskeHb 3 JUCKPETH3a-
miero 1 TkaeHs (N;=96) MOMiIEHO BUKOPHCTOBY-
BaTH Kputepii | rpynm, mMakcumaaibHa HOTYX-
HicTb skux (50-75%) nmocsAraeTbcs Ha ITUHAMIY-
HAX psamax 31 3HAYHAM PIBHEM JHCIIEpCii
X; * ko;, mpu k>5.

Bubipku 3 piBHAME guckpeTm3ariii 1 gexa-
na (Ng=73) OUiHIOIOThCS Ha €KCIOHEHIIaJbHICTh
MaKCHUMaJIbHO €()EKTUBHO 3a JOIOMOIOI0 KpHTe-
piiB I tpymu 3 mortyxHOocTsmMu 50-85% mms
X; * ko;, npu k>5; anst BuGipok 3 JAMCKpeTH3a-
miero 1 wicsaas (N;=24) — xpurepiit Illamipo-
Vinka (MOTY>XHICTb KpUTEPitO cTaHOBUTH 63-95%
Ha jiana3oHax k>3g.

Haykoea noguzna OTpUMaHUX pe3yJbTa-
TiB TIONISITA€ B YTOYHEHHI TIEPETiKy KPUTEPiiB Te-
CTYBaHHS Ha €KCIIOHEHLIaTbHICTh AJS AUCKPETH-
3oBaHuX auHaMivHuX pspiB HITH, konkperusa-
mii Ta xracudikamii Mex X BUKOPHUCTaHHS, BH-
KOPHCTaHHI BH3HAUYCHUX OINTUMAJILHUX HAOOPIB
KpUTEpiiB MOHITOPWHTY Ha HOBI KJacH 00’€KTiB
komruiekcy «HBK-OVY».

Ilpakmuuna 3nauywicms TmONSATaE B TO-
My, IO TPOBEIEHI MOCTI/KEHHS Ta OTpUMaHi
pe3yabTaTH € OCHOBOIO JUIsI TMPOEKTYBaHHS 1
CTBOpPEHHS MJCUCTEMH TECTYBaHHS Ta MOHITO-
PUHTY EKCHOHEHIIaIbHOCTI B aBTOMAaTH30BaHIN

cucremi koutpomo IIITH ta aBTOMaTu3oBaHiit
CUCTEeMi MiATPUMKHA TPHAHATTS pillleHb IO 3a-
0€3MeUeHHIO Ta IMiJBUIICHHIO PIBHS SIEPHOI 0e3-
neku komiuiekcy «HBK OVy.

Ilepcnekmueoro nooanvuiux 00CaioNHcens
€ BUKOPUCTAHHSA OTPUMAHUX PE3yJIbTATIB Pa3oM 3
BU3HaYeHUMH B [2] HaOOpamMu TECTiB OIHKH
AQHOMAJILHOCTI B JHMCKPETU30BAHUX MacHBax Ja-
nux IITH s no0ynoBu anropuTMiB (yHKIIIO-
HYBaHHS aBTOMAaTH30BaHMX CHUCTEM KOHTPOJIIO
koMmiuiekcy «HBK OV».
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ALGORITHM FOR MONITORING THE POWER
OF CRITERIA FOR TESTING THE EXPONENTIVITY
OF NEUTRON FLUX DENSITY IN THE SHELTER OBJECT

Nuclear safety monitoring of the "New Safe Confinement — Shelter Object" system requires con-
stant monitoring of the dynamics of neutron flux density from clusters of nuclear fuel-containing mate-
rials at sub-reactor premises at the Shelter object. The paper proposes an algorithm for identifying
transitions of neutron flux time series trends from lineal into exponential dependence. The monitoring
of the powers of statistical criteria that can be used in determining the moments of transition of dy-
namic series to the law of exponential distribution has been carried out. The criteria are classified
according to the "power - sample size" parameters. A set of criteria, which is most expedient to use
when checking the laws of exponential distribution, is offered. The power of statistical criteria is esti-
mated at different sample sizes, without taking into account competing hypotheses. Powers of three
groups of exponentiality testing criteria for different data sets have been established. Motivated use of
criteria for different sample sizes is recommended. The obtained results are the basis for the construc-
tion of algorithms for automated monitoring systems for assessing the state of fuel-containing materi-
als in the complex "New Safe Confinement — Shelter Object". The scientific novelty of the obtained
results consists in clarifying the list of exponentiality testing criteria for discretized time series, speci-
fying the limits of their use, determining optimal sets of monitoring criteria for new classes of objects.
The practical significance lies in the use of the results as a basis for designing a subsystem for expo-
nentiality testing and monitoring in an automated control system and decision support system on the
research object. The direction of further research is the use of the obtained results to construct algo-
rithms for automated monitoring and decision support systems to assess the state of the New Safe Con-
finement — Shelter Object system.

Keywords: "New Safe Confinement — Shelter Object"”, nuclear-hazardous clusters, simulation
modeling, time series analysis, operational diagnostics, hypothesis testing, statistical tests, decision
support.

© L C. Cxitep, M. B. Casenses, C. B. Kynpisauyk, 1. O. Xomenko, 2022
DOI: 10.24025/2306-4412.2.2022.257822
33


https://doi.org/10.24025/2306-4412.1.2022.255991
mailto:skiteris@ukr.net
mailto:m.saveliev@ispnpp.kiev.ua

ISSN 2306-4412 (Print), ISSN 2306-4455 (CD-ROM), ISSN 2708-6070 (Online)

VJIK 004.9

[0000-0002-5387-7171 § 1, 3ipyeno, 3000y6ay 0C8.-HAYK. cmyneHsi 00kmopa ginocogii,
e-mail: igor.zinchenko557@gmail.com
[0000-0001-5571-22811 (3 ' B JlaBmamchKa, Kano. mex. HayK, 0oyeHm
UepkachbKuii Iep>kaBHUN TEXHOJIOTIYHUHA YHIBEPCUTET
0-p IlleBuenka, 460, m. Uepkacu, 18006, Ykpaina

CYYACHI TEXHOJIOT'TI OI[ITHIOBAHHS E®EKTUBHOCTI JIJIKATAJIIBALIT

Y ecmammi docniosicyromucs cyuacui mexnonocii oyinw8ants epexmusHocmi 0idrcumanizayii.
Ilpoananizosano npoyec Oidxcumanizayii. [lemanrvHo poszensHymo maxi nepesazu yu@pposor
mpancpopmayii, ax onmumizayis Oi3Hec-npoyecie, NIOBUWEHHS NPUOYMKOBOCMI KOMNAHIL ma
KaieHmoyenmpusm. Busnaueno ocobrueocmi npoexmy i3 énposadaicenus didocumanizayii. Hageoeno
onuc 3a0ay i npobnem, axmyanrbHux O Npoyecy 6nposaddiceHHs Oioxicumanizayii. 3asHaueni
npooOeMU Ma SUKIUKU Maomb micye y 0y0b-saKill npeomemuiti obnacmi. Bukonano ananiz nomounozo
CMany MexHono2iu ma memodig oyinku eghexmugnocmi Oiddcumanizayii. Busnaueno moocnugi
sapianmu peanizayii Mexanizmy NpulHamms piuienb npu oyinyi eghexmusrocmi Oiddcumanizayii.
Onucano 0cobauoCcmi, NPUHYURU 3ACMOCY8AHHS mMA  0A306i  eleMeHmu  IHMeNeKmyaIbHUX
iHghopmayitinux cucmem oyintosanus. Hageoeno npukiad cmpykmypu iHmeieKmyaibHoi cucmemu, uo
supiuye 3a0aui OYiHIOBAHHA 8NPOBAVIICEHUX 3ax00i6 didcumanizayii. [lo enemenmie inghopmayitinoi
cucmemu  OYIHKU  eekmueHOCmI  OlONCUMANI3AYIl  MOJICYMb  HANEHCAMU. 3aYiKaéieHi 0coou,
anapamue 3a0e3neyents, eKcnepmu, KOMNJIeKC HNpUtiHamms piuleHb, 6aza 3HAHb, HmMepgelc
Kopucmyeaua. BusHayeno mMoxiciuei Hanpamku nOOAIbUUX QOCTIONCEHD.

Knrouoei cnosa: yugposizayis, oyiHiosauHs, epekmugHicms, cucmema, agmoMamu3ayis,
NPULUHAMMS PilleHb.

Beryn. YV cyyacHOMY CBiTi KUIBKICTD (- —  BOPOBKEHHS MU(DPOBUX TEXHOJIOTIH;
poBoi iHpopMallii 3pocTae Bce MIBUAIIE 3 KOKHAM — myOumiyHi TugpOBI cepBicH.
JTHEM, 1110 BILIMBAE 1 Ha IU(POBI3aIlii0, TOMY BCE Komanma nmocmigHukiB i3 AszepOaiimkany
Oimplre moOcTae THUTAaHHS OIHKK edekTuBHOCTI  [3] Aocmigmia Ta OIiHWIA BaroMicTh KpPUTEPIiB
BIIPOBAHKCHUX 3aXOIiB. IHTenekTyanbHi  €PEKTHBHOCTI Ji/DKUTATI3AMIl Ha TpUKIami cde-

KOMIT FOTEpHI CUCTEMH MOXYTh OyTH KOPUCHHMH PH CUIBCBKOTO rocrofapcTBa. BHKOpHCTOBYIOUM
y [OMY TIPOIECi, OCKITBKH MPU KOPEKTHOMY Ha-  pe3yidbTaTH ONWUTyBaHHA cepen 1513  rtom-
JaITyBaHHI BOHU MOXKYTh TOYHO Ta IIBUIIKO JJATH  MEHEKEPIB CITbCHKOTOCIIONAPCHKAX KOMITAHIH,
pe3yNbTaT, a TaKOXK BOHHM 3BOISATH A0 MiHIMyMYy BOHHM JIMIIUTM BUCHOBKY, IO KIIOYOBUMH OOMeE-
BIUTUB JIFOJICBKOTO (haKTOpa Ha MPOLIEC OLIIHKH. KytounMu (pakropamu nugpoBizalii € BapTicTh

AHaJIi3 OCTaHHIX JOCHIIKeHb Ta MyOJi- BIPOBAIKEHHS Ta BUKOPUCTAHHS LU(POBHUX TeX-
Kaniil. EQekTHBHICTh BIPOBA/KCHHS JI/DKUTAI-  HOJOTiH, 3aKOHOJABY0 HE PETYIhOBaHI MPOIECH
3alii B chepax JMOACHKOT AisUTBHOCTI TOCUTh K-  HU(POBi3alii ramysi, a TakoX piBeHb KibepoOes-
POKO JIOCIIJDKYEThCS B ycboMy cBiTi. Hampu- meku. HaniliHICTh pe3ynbTaTiB ONMUTYBAaHHS Tie-
knan, boraBau Minanka (Bogavac Milanka) me- peBipsutack 3a nomomororo anbdu Kponbaxa, a
MOHCTpPY€ HOBHH METOJ OIIHKH di/pKuTami3amii BaroBi KoeilieHTH KOXHOTO (pakTopa OLiHIOBa-
MaJIOro Ta cepeHboro OizHecy — ingekc IDSME,  nuch 3a JONIOMOTOI0 iHTErpaJbHUX MOJETeH Ta
SKHU Tiepedadae CaMOOIIIHIOBAaHHS cy0’eKkTa sl MoKa3HUKa iHdopMaiiHoi eHTporii. Bukopuc-
BUSIBJIICHHS C1a0KUX CTOPIiH Ta CTBOPEHHS IJIaHy  TOBYIOYHM Ti )K METOIH, AOCHIAHUKU TaKOXX BHBE-
po3sutky [1]. Imnexc IDSME € po3BUTKOM JTM OKpeMUIl MOKAa3HHWK 3arajibHOTO PiBHS JIIHKH-
Digital Economy and Society Index (DESI), mo  Tamizaii, 3a paxyHOK SIKOrO BAajiocs moOyayBaTi
3acTocoBy€eThCSl B €C A7 OL[IHKHM BIPOBAKEHUX  [IKATY PO3MOALITY TOCHOAAPCTB 3 TPHOX OCHOBHHUX
3axo/iB IM(pPOBI3aIii 3a JOMOMOrOK KiJBKOX PIBHIB Ta IBOX MepeXimHuX. Pe3ynpraTti OIiHKH

IHAUKATOPIB [2]: MoKa3aly, 0 MpUpicT MPUOYTKOBOCTI BiJl BIIPO-
—  THI HiAKJIIOYECHHS; BaJPKEHUX 3aXOJiB NMPH HU3bKOMY piBHI IiJKH-
— 1udpoBi HABUYKH; tamizamii qopiBatoe 1,08 % mpu migBumieHHi 3a-
— BUKOpHUCTaHHS [HTEpHeTY; rajJpHOTO MoKa3HHuKa Ha 1 %, a Ui rocrnogapcTs
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i3 cepeHiM PiBHEM PO3BHUTKY MPHUPICT CTAHOBUTH
1,59 %. Y nocnimpkeHHi BiIcyTHI KOMIIaHii BHCO-
KOTO DIBHS Ii/DKHUTANI3AIii, IPOTe MOXKHA IPH-
MYCTHTH, IO Ul HUX PEe3yJIbTaTH MOXYTb OyTH
II1e BUIIUMH.

Hocnimkenns [4] MPOOHYE METOJ, OLIIHKH
nimkuramizamnii ingekcom DFSI B koHTEKCTI po3-
BUTKY (hiHAHCOBOTO CEKTOPY €BPOINEHCHKHUX Kpa-
iH. SKII0 y3arajJbHUTH HOrO KJIFOUOBI CKJIAI0BI,
TO 1HJEKC BKJIIOYAE TaKi KOMIIOHCHTHU: 1HIUKATOP
muQpoBizaii, PO3BUTOK BIiANOBIAHOIO PUHKY
MOCJYT, CTYIiHb BIPOBADKCHHS MiJDKUTATI3aIlil
npu HajganHi nocayr. dns migpaxynky DFSI Bu-
KOPUCTOBYIOTHCS 3arajbHONOCTYIIHI CTATUCTHYHI
1HAEKCH, KOKEH 3 SKHX BHCBITIIOE KOHKPETHHUH
HANpPsIMOK BUKOPUCTAHHS IIU(QPOBUX TEXHOJOTIH
y ramy3si. Jlns 6e3nocepenHbOro po3paxyHKy iH-
JIEKCY BHKOPHCTOBYETHCS METOJ 3BAKEHUX CYyM
Ha OCHOBI BaroBuX KOeQILIE€HTIB JJIsi KOXHOTO 3
migiagexci. s iX 0OYHCIEHHS BHUKOPHCTOBY-
Bajach ¢popmyna PimObOpHA, OCKIIBKU TSI HHO-
T'O IOCTATHBO JIMIIIE 3HATHU MPIOPUTET MiTiHACKCIB
Mik cobOoro. Sk i B momepenHbomy [3] mocii-
JOKeHHI, OyJl0 TOOYJOBAaHO MIKANY i3 YOTHPHOX
IHTEpBAJIiB AJIS IKICHOTO BiTOOpa)KeHHS TaHUX.

B inmi#t myGumikanii [5] nporoHyeThes BU-
KOpHCTaHHS po3poOnenoro iHaekcy DPI mus
OIIIHKU piBHSA IHUQPOBi3aIlii MOPCHKUX IIOPTIB.
Jocnigauku po3poOuiiu cuctemy 3 22 KpUTepiiB,
ska OyJia TIOJIIJICHa HA YOTHPHU TPYIH, KOXKHA 3
AKX Ma€ CBiif BaroBuil koedimient. [am mpen-
ctaBHUKU 30 €BpOIEHCHKUX TOPTIB OLIIHUIM 3a-
3Ha4eHi ()akTOpH 3a IIECTHOATBHOIO HIKAIO0
Jlaiikepta TpOTATOM PI3HUX TPOMIXKKIB dHacy.
Uepes HasBHICTH iHPOPMAIIIHOTO TIyMy 0 pe-
3yJbTaTiB OMHUTYBAaHHS OYIJIO 3aCTOCOBAHO (QiIbTP
Kanmana, sixkmit MiHiMizye neit ¢axtop. Sk 1y
BUIIE3a3HAYCHHX JIOCITIDKCHHSX, Y IbOMY TaKOX
OyJno CTBOpPEHO IHTEpBalbHY MIKANy PO3MOALTY
pe3yabTaTiB pO3paxyHKy iHAEKCY AJsl SKiCHOT'O
BiIOOpaKeHHS JaHUX.

Jocmimauk nporonye [6] BUKOPHUCTOBYBa-
TH rpad-TEOPETUYHY MOJENb I OLUiHKU edek-
THBHOCTI BUKOPUCTAHHS Pi3HUX iH(OpMAIiiTHIX
TEXHOJIOTIM y paMKax mijpkuTami3arii. Bepru-
HaMH B NMoJiOHOMY rpadi € pi3Hi CTaHH CUCTEMH
Ta OTOYEHHS B LiJIOMY, a peOpamu rpady € orme-
partii, mo 3miHCHIOIOTHCS B il 00paHild cUCTEMI.
s moOymoBu Takoi Mozeni HEeOOXiAHO crepury
CTBOPUTH KOHLIENTYaJIbHI MOJEN BUKOPUCTAHHS
iH(pOpMaLliHHUX TEXHOJIOTiH, HA OCHOBI SIKHUX OY-
nytoTees anreOpaiuni rpadu. [dani rpadu momi-
YaroTbCA 3MIHHMMH Ta NapaMeTpaMy, a TaKoxX
MO3HAYAIOTHCSl (YHKIIOHANBHI 3anexHocTi. J[o
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MMO3HAYO0K (PYHKIIOHAIBHUX 3AJIEKHOCTEH MOXKE
JOJTAaBaTUCS TporpaMHuil koj. Skmo o0’ emxHaTn
MOCTIIOBHICT, TakUX (YHKUIOHAJBHHUX 3MiH
CTaHIB 3 KOJIOM, TO B PE3yJbTaTi OTPUMAEMO
MpOrpaMHy MOJIETIh CUCTEMH. TakuM YWHOM iMi-
TYeTbC poOOTa PEaNbHOI CHCTEMH 3 BHKOPHC-
TaHHSIM 1HPOPMALIHHUX TEXHOJOT1H.

Ornsg HasiBHUX JDKEpeN IMOKa3aB, 10 TeMa
OIIHKY Mi/PKATAM3aMii Ta ii e)eKTUBHOCTI € JI0-
CUTHh TOIIUPEHOK B Pi3HHX cdepax IOJICHKOI
nisutbHOCTI. LIINPOKO BUKOPUCTOBYIOTHCS METOTU
OaraTokpuTepiadbHOI ONTHMI3AIli IS IOIIYKY
3HaYeHb PO3POOJEHUX IHIEKCIB, SK-TO METOJ
3BOXEHUX CyM. TakoX MO)KHA 3pOOUTH BUCHO-
BOK TIPO T€, III0 JIOCUTh YaCTO BUKOPHCTOBYIOTh-
Csl eKCIIePTHI ONMUTYBaHHS SK IHCTPYMEHT IS
MPUAHSATTS PillICHb.

[IpoBeneHHs BIIACHUX JOCTIIKCHb Y I
o0acTi MOKe JTOMOMOTTH (pOpMalli3yBaTH i CHC-
TEMaTH3yBaTH 3arajbHi KpUTEpii ePeKTUBHOCTI
uudpoBizaii Ta ii OiHKY, pO3pOOHUTH CTPYKTYp-
HI 1 MaTeMaTH4Hi MoJeN poOOTH MOMIOHHUX iH-
TENEeKTYaIbHUX CUCTEM, IO IparfoBanmu O He3a-
JIS)KHO BiJl MpeAMETHOI 001acTi, a TAKOXK TMEPEeBi-
pUTH iX Ha TpakTuili. B paMkax 1ux I0CIiHKEHb
JOLITFHO BUKOPHCTATH BHINE3a3HAYEHI METO.IH,
OCKUIBKY BOHU TIOKa3aJId CBOIO €(DEKTHUBHICTb.

Meta Ta 3agaudi pocaigxenHs. Mertoro
JIOCTIDKEHHS. € aHali3 IMPOIecy MiJLKUTai3amii
Ta aHaji3 TEXHOJOTiH, sIKi BHKOPUCTOBYIOTHCS B
mpoliecax OLiHIOBaHHS €(EeKTUBHOCTI AiKUTATi-
3aii, ;Ui BU3HAUEHHS BIUIMBY JiJDKUTANTI3alli Ha
pe3yAbTaTH JiSTIBHOCTI KOMIIAHIN MIITXOM TT00Y-
JIOBH IHTEJICKTYaJIbHOT CHUCTEMH OI[iHIOBaHHS
e()eKTUBHOCTI JiDKUTAITi3aIli].
3agadi JOCHiHKEHHS TIepe10avdaroTh.
dhopmymoBaHHS 0COOIUBOCTEH, MpobOIEM
Ta 3a7a4 BIPOBAPKCHHS M1 JKUTAITI3aIliT;
aHaII3 MiIXO0MIB IO OIHIOBAHHS ¢(hEeKTHB-
HOCTI BIIPOBAKCHHS JiDKUTAITI3AIIL B Pi3-
HUX c(hepax JFACHKOI AisUTEHOCTI;
BH3HAYCHHS CTPYKTYPHO-JIOTIYHUX eJle-
MEHTIB TIOOYZIOBH 1HTEIEKTyaJbHUX CHC-
TEM OLIHIOBaHHS €(EeKTHBHOCTI BIPOBa-
JUKEHHS I pKATa3ami.
3MmicT BIpoBajKeHHs AikuTagi3amii. B
OUIBIIOCTI BHIAAKIB HEOOXIJHICTh IMepeOymIoBH
0i3HeCc-MO/Ieil KOMMaHii 3yMOBIIOETHCSI HU3HKOIO
edexTHBHICTIO KoMmaHii. [Ipo 1e cBiAYMTH 3MEH-
IICHHS YCIIIIHOCTI Ta BIJICYTHICTh HEOOXITHHMX
pe3yNbTaTiB y KOMIaHii.

HeBix’eMHOIO YacTHHOIO YCIITHUX KOM-
naHiii € Oe3nepepBHE MEPEOCMUCIIEHHS CIIOCO0Y
PO3BUTKY KOMIIaHii, CIIPIMOBAHOTO Ha TMPOCTHIA,


https://doi.org/10.24025/2306-4412.1.2022.255991

ISSN 2306-4412 (Print), ISSN 2306-4455 (CD-ROM), ISSN 2708-6070 (Online)

E€KOHOMIYHHI 1 HaAiHHWHA BapiaHT poOOTH, OHOB-
JICHHSI Ta JOTPUMaHHS HOBHX HAIPSMKiB HAa PHH-
Ky TEXHIYHHUX PO3POOOK.

BrpoBamkeHHs aipKuTaizamii mousrae B
onruMmiszanii NEBHUX AaCIEKTIB JIFOJICHKOI Iislib-
HOCTI 3a JOIOMOTor0 iH(OopMaIliitHo-KOMyHiKa-
idHUX TexHoyorii. Cepes TakuxX acmekTiB € [3]:
JIOKYMEHTOOOIT;

YIPaBIIHCHKI MTPOIIECH;

NPURHSTTS PillIeHb;
KOHKYPEHTOCITPOMOXKHICTb;

Yac MpaliBHUKIB, iX CaMOPO3BUTOK.
Bue3asnaueHi acieKTy OyayTh aKkTyaslb-
HUMH [T OLTBIIOCTI rairy3ei, mpoTe Ml KOXKHOL
OKPEMOi 3 HUX MOXYTb OyTH OJAaTKOBI POLIECH,
10 MOXXYTh OyTH ITOKpAIeHi 32 paxyHOK mugpo-
Bizarii.

[Iponec mimxuTtanizanii CTUMYJIIOE 3MiHU B
OizHec-cepenonuiili. OCHOBOIO IS TaKUX 3MIH €
BIIPOBA/KCHHSI HOBHX TEXHOJIOTIH, TaKHX SK:
anami3 Benukux gaanux (Big Data), [aTepuer pe-
Yyel, XMapHi TEXHOJIOTii, IITYYHHH I1HTEJIEKT,
po3mizHaBaHHs Tosiocy, 3D-npyk, BipTyaidbHa Ta
JIONOBHEHA pPEAIBHOCTI TOm0. TakuM 4YHHOM,
BiIOYBa€ThCS TEPEXia BiJ KIACHYHOI «IIPOITyK-
TOBOI» Oprasizamii J0 TEXHOJOTIYHOI, 3aCTOCY-
BaHHS HOBHX YIIPABIIHCHKHX MOJEIEH, 10 TPYH-
TYHIOThCSI Ha po3poOili digital-ctparerii. 3aBasku
TaKUM 3MiHaM MiJBUILYETbcS €QeKTUBHICTH 0i3-
Hec-Tporecis [7].

Himxuramizamist 0i3HECY — II€ €BOIOLIN-
HUI Tpollec BIPOBAHKEHHs 3HaHb 1 TBOPYOCTI B
0i3Heci. OnrTumizanist Oi3HECY HIISXOM BIIPOBa-
mxerHs [T-pimens Ta poOoTH3aIll BKIIFOYAE HOBI
30BHIIIHI (PaKTOpH Ta MOXKIUBOCTI, SIKI TOTpe-
OYyIOTb TMeperisily CTpaTeTiYHUX MPIOPUTETIB.
HeoOxinHicTs y undposiii Tpanchopmarii 3yMoB-
JIOETHCSI TIPAaTHEHHSM /IO TIOCTiHHOI ajamTartii
0i3Hec-cepeloBHIIa A0 MOTPEO CHOXKHUBAYIB, a 3
NOTJIAY KOMIIaHii — MOKpalieHHs BIacHOi KOH-
KYPEHTOCTIPOMOXKHOCT1 Ha PHHKY. Y IH(PPOBOMY
CBITI JOCATAIOTh YCIIiXy TI KOMIIaHii, SKi Tmpar-
HYTh MOCTIHHMX 3MiH Ta 3/1aTHI 3allPONOHYBaTH
[IHAAN 1S CIIOXKHBaYa MPOAyKT. Po3BuTok mud-
POBHX TEXHOJIOTIH JomoMarae yIOCKOHAIIOBATH
JiSUTBHICTh KOMIAaHIi y Pi3HUX HampsMKax: Map-
KETHHT, OOCIIyroBYBaHHS KJI€HTIB, JIOTiCTHKa,
BHYTPIIITHI MTPOIIECH TOIIO, BIUIMBAIOYHA HA aKTHB-
HICTB 3pOCTaHHS JTOXOMIB Ta MiJBUILCHHSI KOHKpe-
THUX TO3WIIHA KoMmaHii. Ajke mudpoBa TpaHC-
dopmMalrisi crpuse 3aJ0BOJICHHIO MOTpeOH Bilac-
HUKa 013HECY 3aXHUCTUTH CBOIX CIIBPOOITHUKIB Y
HETHUIIOBUX YMOBax poOOTH, 03BOJISIE OpraHi3y-
BaTH BiJJAJICHO CIIJIBHY POOOTY HaJ MPOEKTAMH,
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MIPOBOANTH HaBYaHHS, 3amodiratu 3004M Ta 3y-
MUHKaM y poOOTi NUISIXOM aBTOMaTH3allii mpore-
ciB Ta poboTu3ariii.

3a mijipaxyHKaMu «YKpaiHCBKOTO 1HCTHTY-
Ty MailOyTHBOro», peajizauis LiILOBOTO CLEHA-
pifo mepexoay yKpaiHCbKOI €eKOHOMIKH 10 Lu(po-
BOI 32 3—5 pokiB 103BONHUTH [8]:

CTBOpIOBAaTH mIoHakMeHmie Big 11 %
(y 2021E) no 95 % (2030E) momaTkoBOTO
BBII na pik;

3a 10 pOKIB J0JaTKOBO CTBOPUTH [0
$1260 mpa BBIT;

3a 10 pokiB 30UTBIINTH HAJXO/KCHHS B
oromxer Ha $240 Mip;

crBoputd 700 THC. HOBUX pOOOYUX MICIb
(ue BpaxoByrouu excroptHy IT-iHayCTpito).
PosrnsiHeMo ocHOBHI mepeBaru 1uQpoBoi
TpaHcopmarrii:

1. Onrtumizamist Gi3HEC-TIPOLIECIB CIIPHSE
e()eKTHBHOMY TIPOCYBaHHIO Oi3Hecy, 30KpeMa,
JI03BOJISIE:
3a0MIaIUTH Yac i MiJBUIIATH TPOITYyKTHB-
HICTB TIpart;
aBTOMATHU3yBaTl BUPOOHUIITBA, aBTOMATH-
3yBaTH PyTUHHI MPOLIECH U iHIII BHYTpilI-
HI TIPOIECH KOMIIaHiT,

ONTUMIi3yBaTH Ta MOKPAIIUTHA BHYTPILIHI i
30BHIITHI KOMYHIKaIli;

PO3MIHUPHUTH IUTHOBY ayIWUTOPi0, KaHAIH
Ta reorpadiro Mpoaaxys;

KOperyBaTH JisUTbHICTh KOMITaHIi 3aBJISKH
AHAITUYHUM JaHUM.

2. TlimBuiieHHs] MPUOYTKOBOCTI KOMITAHIT
LUISIXOM BIPOBAKEHHS HOBUX TEXHOJIOTTYHHX
3MIH Ta IX JiIKUATAII3alis IMO3UTUBHO IO3HAYa-
IOThCS Ha!

30UTBIIIEHH] TTPOJIAXKIB;

30inbIIeHH] (PIHAHCOBOI BUTOAM IIIISXOM
CKOpPOYCHHS HepeHTa0EeTbHUX BKJIAJICHb;
CKOpOYEHHI OIO/PKETy Ha peajizaliio Map-
KETMHIOBHX CTpaTterii 0e3 ImKoauW st
e(eKTHUBHOCTI IPOCYBaHHSI.

3. Kmientouentpusm. Kiientu € mxepe-
JIOM TOCTIHHOTO TMOKpAIIEHHS Ta PO3BUTKY IJIS
kommanii. OnepaTHBHE pearyBaHHS Ha MOTPeOH
KJII€HTa 3/1aTHE 3a0€3MeUnTH:

MOJKITHBOCTI Kpoc-tipoxaxis / upsell-
MPOJIAXKIB;

BUXiJl Ha HOBUH DPiBEHb OOCIYrOBYBaHHS
KJIIEHTIB 1 3a0X0YEeHHs iX JI0 4acToi Ipo-
JTYKTHBHOI CHIBIpAaIli 3 KOMIIaHI€l0;
3MEHILEHHS YaCTKH BTPAYeHUX KIIIE€HTIB Ta
MiHIMI3aIlif0 TOMUIIOK ijl 4ac 00CITyTroBY-
BaHHS KIIIEHTIB;
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MiABUIICHHS! KOHKYPEHTHHX MO>KJIMBOCTEH
KOMIIaHii, MiJABUILEHHS JIOSIBHOCTI KJIi€H-
TiB JI0O KOMIIAHI1 Ta MOKPAIICHHS KIIEHTCh-
KOTO JTOCBiJTy 3aBISIKM TIEPCOHATII30BAHOMY
MiIXOAY 10 poOOTH 3 KITIEHTAMH;
CKOpPOYEHHS IIJISIXY KIIIEHTA BiJl 3BEpHEHHS
y KOMIIaHII0 IO OTPUMAaHHS TOTOBOTO TPO-
OYKTy (HaJaHHS MOCIYTH) HUISIXOM HaJaH-
HSl KJII€HTY HOBHX MOXKIIUBOCTEH: BifcTe-
JKEHHS BCHOTO JIAHIIO)KKA CITBOpaIi Ta
BUKOPHUCTAaHHA POOOTH30BaHMX 1HCTPYMEH-
TIB 7151 KOHCYNbTali 24/7.
Oc00JMBOCTIi BHPOBAIKEHHS ilKUTA-
Jgizanii. Ji/pkuranizamiss B KOXKHOMY OKPEMOMY
BUTAJKy € IHHOBAIIHHUM MPOEKTOM. MOXHa Ha-
3BaTH HACTYIIHI €TaNu TaKOTO MPOEKTY:
aHaNi3 TMOTOYHHUX PECYpCiB Ta TPOIIECIB,
il 4yac SKOTO BH3HAYAIOTHCS MPiIOPUTETHI
HANpPsIMKH 151 3MiH;
po3pobKka TUIaHy MEepeXoay JO0 BUKOPHC-
TaHHA HOBHX TEXHOJIOTiH pa3oM 3 KiHIle-
BHMH LIIIMU;
Oe3mocepeIHO pealtizaiis 3alIaHOBaHUX
3aXO0/IiB;
OIlIHKA Ta CUCTEMATH3allisl OTPUMAaHUX pe-
3yJBTATIB.
[Ipuyomy, TakHid MPOEKT y paMKax OJHOTO
MiAIPUEMCTBA MOXKE OyTH pealri3oBaHUI JOBiITb-
HY KIUJIBKICTh pas3iB, o Oy/e 3anexary BijJ HasB-
HOCTi acIeKTiB, SKi 1€ MOXHa ONTHUMI3yBaTH,
a00 X y BUINAJAKY MOJCpHI3allii BXXe HasSBHUX
nndpoBHX 3ac00iB.

3aga4yi Ta nmpoOJjeMH BIPOBaJKeHHSI Ji-
JeKATaizamii. Bimomo, 110 KoXKHa MpeaMeTHa
o0nacTh Ma€e CBOi OCOOIMBOCTI (PYHKIIOHYBaHHS,
npoTe iICHYIOTH 3arajbHi 3a1a4i abo 1 nudpo-
Bi3allii, ki MOXXHa 3aCTOCYBaTH J0 Oyab-sSKOI 3
HUX. Buxonsun 3 caMoro MoHATTS IifKUTaji3a-
1ii, 3a1a4i HOJISAraKTh Y.
po3poOui Ta peamizauii miuaHy mnepexony
JI0 HOBO1 MapajIurmMu;
Mirpartiii moTokiB iHdopmaiiii B nudppoBuit
BUTJIA,
3MEHIIeHHI a00 JIKBimaIli JIOACHKOTO (hak-
TOpa B THIOBHX 33/1a4aX;
aBTOMAaTH3aIlii MMPOIIECIB, SKi MOXHA aBTO-
MaTH3YBaTH.
ToOTo 3aramom mporiec UQPpoBizalii Mae
Ha MeTi BCeOIYHy ONTHMI3amif0 Oi3HEeC-TIPOIECiB
Ta ajanTamilo cy0’€KTa 0 HOBHX peajiil emoxu
YeTBEPTOI MPOMHUCIIOBOI PEBOJTIOLII].

Sxmo dbopMymoBatn MpoOIEeMH, BHXOIA-
4H 3 3a7a4, TO MOYKHA HABECTH TaKi:
HeZoBipa 0i3Hecy a0 iHpopMaIiiftHuX Tex-
HOJIOTH;
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BU3HAYEHHsS] HEKOPEKTHHUX ab0 HeeeKThB-
HUX KPUTEPIiB OL[IHKH BIPOBAXKCHUX 3a-
XOJIIB;

MOCTAaHOBKA 3aHAATO aOCTpaKTHHX LiIeH
y MiIXOi IO MPOIIeCy JiPKUTalIi3allii;
HETOTOBHICTh IMEBHUX TPyl KJIIEHTIB
JI0 BIIPOBAKEHHS] HOBHX TEXHOJIOT1H;
HEOOXiTHICTh 3aBYACHOTO MPOAYMYBaHHS
Ta MOOYOBM Mamy B3aeMOJIi 3 KIII€HTOM,

epekTUBHOT i1 000X  3alliKaBICHUX
CTOpiH;

— PpeTpoCHeKTHBa HEBAAIUX CIPOO TpaHC-
(dhopmarii;

— HexTyBaHHS a00 HEOCTAaTHS yBara Jio Ki-
OepOe3neKu.

OcraHHI TYHKT € OCOOIHMBO Ba)KIIMBHUM,
OCKIJIbKM HENpPaBOMIPHHH JOCTYM 10 iHQopMa-
LIHUX pecypciB MOXKE MaTh PU3HK SIK AJIST cCaMol
iHpopmauii, 3 nornsany il koH}igEeHUIHHOCTI, TaK
1 s iHQOpMaIifHUX CHUCTEM, IO 3aJIy4eHi 0
0i3HEC-TIPOIIECiB KOMIIaHIi.

Komnaniss Panorama Consulting Group
HABOJMUTD TaKi BUKIUKH [9]:

Opax xBaiti¢ikoBanux [T-cneniamicris;
Opak ympaBJiHHS OpraHi3alliiHUMH 3Mi-
HaMUu;

3MiHU TOTPEO CIIOKUBAYIB;

Opak BU3HAYCHOI CTpaTerii;

npobaeMu Ta 0OMEKEHHS OI0JDKETY;
Hee(heKTHBHE KepyBaHHS JaHUMU;
HeeeKTUBHI Oi3HEC-TIpOoLecH.

VY ot ke yac xommanis gotodigital [10]
HazuBa€e OpaK METOJOJIOTIT MPHUIUHOIO 85 % HeB-
Jlad y TpoIeci MipKuTani3arii.

AHaJi3 TeXHOJIOrii, sIKi 3aCTOCOBYIOThH-
¢ B mpouecax ONiHKH TixkuTATi3amii. ABTOp
TIpUIycKae, Mo I MOmiOHWX IMOTped MOKHA
3aCTOCYBaTH IHTEJICKTyalbHI 1H(pOpMAIIiiHI CHUC-
TEeMH MiATPUMKH MPUUHATTA PillieHb, SKi MOKYTh
aZanTyBaTHCS 10 Pi3HOTO HAOOPY KPHUTEPIiB Ta iX
npiopuTeTiB. B OCHOBI Takux cucTeM MoXxe OyTH
peasizailisi OJHOTO 3 BiJIOMUX EKCIIEPTHUX METO-
IliB, a TAaKO’X BUKOPHWCTAHHS METOMAIB OaraToKkpH-
TepiabHOT ONTHMI3aIlil.

[HmmM migxomom Moxe OyTH HaTpeHOBaHA
ITyYHa HEWpOHHA Mepexka, sika JacTh OakaHui
pe3ybTaT 3 MPUILyCTUMOIO TIOXHUOKOIO 3a JIOCHTh
KOPOTKHH 4ac, MpoTe MO0CTa€ MATAHHS TPO CTBO-
PEHHSI KOPEKTHOTO 1 JOCTaTHHOTO HA0OpY JaHUX
Ut 11 TpeHyBaHH:. BapTo 3a3HaunTH, M0 moxid-
Ha Mepeka Moke OyTH BUKOpHCTaHA SIK y CKIafi
EKCIEPTHOI CUCTEMHU AJIsl OLIBIIOTO CTYMEHS CH-
Heprii 3 IHIMMMH KOMIIOHEHTaMH, TaK i OKPEMO.

VY ny6nikamisx [11-14] naykoBiti gociau-
U MOXKIIUBICTh 3aCTOCYBAaHHS CHMYJIAIIL IS
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OIIHKM JikuTami3anii. 3okpema, y [ 14] Bukopu-
CTaHO MPHKIAA MANPUEMCTBA, MO 3aHMAaeThCs
BUPOOHHUITBOM cTaii. B paMkax ekcriepuMeHTy
BOHHU PO3pOOMITH 3arayIbHUHA CIleHapiit mudpoBi-
3ar1ii, OIMCAIH TPOIIEC TiPKUTAITI3AI] Ta OIlIHKH
PHU3HKIB, @ TaKOX PO3pOOWIIN AETANbHY MOJENb,
IO J03BOJIJIA CHMYJIOBaTH Oe3rmocepenHbo Ii-
JDKATAli3alilo B paMKax OOpaHUX BHPOOHHYHMX
npoueciB. Takuii miaxig Mae mepeBary 3a paxy-
HOK TOT0, II0 MOXKHA JIOCTATHHO TOYHO OIIHUTH
MOKJIMBHI BIUIMB Ha Oi3HEC-TIPOIIECH BiJ BIPO-
Ba/DKEHUX 3aXOAiB 6e3 Oyab-KOTO BTPYYaHHS y
BUPOOHUIITBO 200 HAJaHHSI TOCIYT.

InTenexkTyanbHi cHcTeMH SIK OCHOBA
OliHIOBaHHA e(eKTUBHOCTI AiMKuTAMI3aIil.
IHTenekTyanpHi  CHCTEMH  SIBIAIOTH  CO0OIO
KOMIT'IOTEpHY CHCTEMY, IO 3/1aTHA B3aEMOJISATH
3 HaBKOJMIIHIM cepenoBuiieM. YacTo Taki cuc-
TEMH BUKOPUCTOBYIOTBCS JIsi BHPIIICHHS 3a7ad
MPUAHATTS pillleHb. 3a3BHYail iHTENEKTyaabHI
CHUCTEMHM CKJIaJaloThCs 3 0a3u 3HaHb, IHTEPQEHCY
B3a€MOJIi{, a TaKOXX MeXaHi3My TOIIYKY PillIeHb.
MexaHi3M TONIYKY pillleHh MOXKe OYyTH SIK, Ha-
NPUKJIaJ, 3BUYaifHOI0 MaTeMaTHYHOI MOJIEILIIO,
TaKk 1 CKIQJHUM KOMIIOHEHTOM 3 eJeMEHTaMH
HITYYHOTO 1HTEJEKTY.

st 3a1a4 OIiHKY e()eKTUBHOCTI JTiJKHUTA-
Ji3arii TOIIbHO BUKOPUCTOBYBATH iH(pOpMAaIIiii-
Hi 1HTEJCKTYyaJbHI CUCTEMH, IO € KOMIUICKCOM,
KU TIOEMHYE SK MPOTPaMHO-TEXHIUHI Ta MaTe-
MaTH4HI 3aco0u, Tak 1 JiHrBicTu4Hi. [Ipukiamgom

TaKkoi CUCTeMH MOKe OyTH eKCIepTHa CHUCTeMa.
Taka cucrema mMoxe mifgiOpatd HEOOXigHUN Me-
TOJ OLIIHKM Ha OCHOBI Ha0OpYy BXIJHUX JTaHHX
(Habip ¢axTopiB, CTATUCTUYHI JaHI TOILIO), TOMY
TaKUM YMHOM BiOyBaTHMETHLCSI CUMYJISLIS MPO-
[eCy PUHHATTS PIlICHHS eKCIEPTOM-JTFOINHOIO.
Enementn mo0y1oBH aBTOMaTH30BAHUX
CHCTeM OWiHKHU eeKTUBHOCTI AiTzKuTATI3aNil.
Criouatky IOLIIBHO JAaTH BU3HAYEHHs aBTOMa-
THU30BaHOI CHCTEMH U aBTOMAaTH30BaHOI iH(Op-
mariiHoi cuctemu. 3rigao 3 JJCTY [15] aBTOMa-
THU30BaHa CHCTEMa — II¢ OpraHi3alliifHO-TeXHIYHA
CHCTEMa, IO CKJIAJacThCs 13 3ac00IB aBTOMATH-
3ar1ii MeBHOr0 BUAY YU KUTBKOX BUAIB MisITLHOCTI
Jroiel Ta MEpCOHaNy, L0 3AIMCHIOE L0 TisUib-
HicTe. B cBoto uepry, 3akon Yxkpaiam «lIpo
3aXUCT iHpopMaii B iHpopMariitHo-
TEJIEKOMYHIKalliHHUX CHUCTEMax» HaBOIUTH BH-
3HAYCHHs aBTOMATH30BaHOI iH(OpMariiftHOi cuc-
Temu [16]: 11e opraHizaniiHO-TEXHIYHA CHUCTEMA,
B AKIf peaizyeThcsi TEXHONOTis 00poOku iHpOp-
Mallii 3 BAKOPUCTaHHSIM TEXHIYHHUX 1 IPOrpaMHUX
3ac00iB. SIKIO 3acTocyBaTH TOJaHI BU3HAYCHHS
IO OIiHKK e(eKTUBHOCTI HiKHUTANi3allii, TO 1mo-
JIiOHA cHUCTeMa MMOBMHHA aBTOMATU3yBaTH O€3I0-
CepeHbO TIPOIIEC OIIIHKH JOIIFHOCTI BIIPOBa-
JDKEHHX 3aXOJiB 32 IEBHUM HaA0OPOM KpHUTEPIiB.
SAxmo ckoMOiHyBaTH 0COOIMBOCTI 1HTEINEK-
TyanpHOI ¥ aBTOMAaTHM30BaHOi iH(OpMaIiitHOI
CHCTEM, TO OTPUMAaHUI pe3ylbTaT MOXKHa 300pa-
3WTH y BUTIIAJI CXEMH, HaBEJIEHOI Ha pUCYHKY 1.

3aujkaeneHi ocobu

AnapaTtHe
3abeaneyeHHA

IHTepdenc
KOpHMCTYBa4a

|HTEneKTyansHa aBTOMaTn3oBaHa
iHchopmMaLiiHa cucTema OLHKM
aimpruranizauii

:

Komnnekc
NPUAHATTS pPilleHb

Basa sHaHb

Pucynok 1 — EnemenTn indgopmauiiiHoi cucTeMu OMiHKU epeKTUBHOCTI AizKUTATi3amii

Iicepeno: no6yooearno Ha 0CHOBHI MUNOBUX CINPYKMYP THMENeKMYANbHUX CUCTeM

JleranpHime po30epeMo KOXHY 31 CKia-
JIOBUX.

3ayixaeneni ocobu € MpeACTaBHUKAMH M-
MPUEMCTB YW Oi3HECIB, J¢ IIAHYETHCS BIIPOBa-
JOKYBaTH a0o0 BXKE BIPOBAIKYETHCS MiKATATI-
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3aris. 3a JOTIOMOTOIO iHmepgeticy Kopucmysayda
BOHM BHOCSATH BXIJHI JaHi IO CUCTEMHM, a TAKOK
POOJIATH 3aMUTH Ha OLIHKY UK poBizarii.
Anapamnue 3a6e3neuenns — e Qi3udHa iH-
(dpacTpykTypa, 110 NpU3HAYCHA IS BUKOHAHHS
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o0uncTIOBaIbHOT POOOTH, 30€piraHHs JaHUX TO-
mo. Jlo mpukiamiB amapaTHOTO 3a0e3TMeUCHHS
MO>KHA BITHECTH KOMIT IOTEPH, cepBepd (B T. U.
XMapHi), MOPTaTUBHI IPUCTPOT TOILO.

Excnepmu 6epyTh y49acTh y po3po0iri Kpu-
TepiiB OIIHKH, iX Barw, MPIOPHUTETY, TPYITyBAHHS
TOIIIO B KOHTEKCTI KOHKPETHOI MpeMEeTHOT o0Jrac-
Ti. Best Buiesasnayena ingopmartist 30epiraetscst
y 6a3i 3nans. Takox BOHU JOMOMArarTh y CTBO-
pEHHI AITOPUTMIB aHAJI3y CTATHCTHYHUX JTaHUX.
Excnepmu B3aeMOIitOTH 13 CHCTEMOIO, BUKOPHC-
TOBYIOUH iHmepghetic Kopucmysaud.

Komnnexc nputinamms piuens — e CyKyI-
HICTh MAaTeMAaTHYHHUX, JTIHIBICTUYHUX, TEXHIYHUX
3aco0iB, 10 POOJIATH MOKINBHM MPOILEC MPUK-
HATTS pimeHb. CIOAM TaKOXX MOXYTh BXOJHUTH
KOMITOHEHTH 3 €JIEMEHTaMH INTYYHOTO 1HTEIIEKTY.
Leit koMIuIeKC MOKHA PO3TISIIATH SIK ITiJICHCTEMY
OCHOBHOI cucTeMH. BiH oTpuMye BXinHi maHi Ta
AITOPUTMH OIIHKY 13 0a3M 3HaHb, a K PE3yIbTaT
Jla€ pO3TOPHYTHH aHaIIi3 BIPOBAKECHUX 3aXO0/iB.

baza 3nany sBnsie co00I0 CXOBUINE JaHUX
JUIS BChOTO Ha0OpY CTaTUCTUYHUX AaHUX, 1H(OP-
Manii mpo KpUTepii Ta MPUHLHUIIIB JOTIKH OLiHKH
0i3HeC-TIpOoIIECiB.

B cBoro uepry, inmepgeiic xopucmyeaua
BUKOPHCTOBYETHCS 1T B3a€EMOJIl 13 CHCTEMOIO
excnepmamu Ta 3ayikagrenumu ocodamu. Ilo
CBOIH CyTi — Il¢ KOMIT'IOTepHa Tporpama, ska
MOXXe OyTH BHKOHAaHA Yy BUIJIA[, HANPHUKIA],
Web-nonarka, HacTinpbHOro H04aTKa 4d MOOIb-
HOTO 3aCTOCYHKY. Y KOXXHOTO BapiaHTa BHKO-
HaHHS € CBOI MepeBaru Ta HEAOMIKH, MPOTe Hal-
OinpIn yHiBepcadbHUM migxonoM OyB Ou Web-
JIOJTATOK, OCKUTEKH HOTO MOXHa BUKOPHCTOBYBa-
TH Ha OyJIb-SIKOMY MPUCTPOT, IO Ma€ JIOCTYII JIO
Mepexi [arepHeT. Inmepdghetic kopucmysaua B3a-
EMOJIIE 3 KOMNIEKCOM NPUUHAMMS pilueHb IS
00pOOKM 3amWTIB HA OIIIHKY Ta OA300 3HAHL IS
30epeKeHHST BXIJHUX JaHWUX, HEOOXITHHUX IS
(hYHKITIOHYBaHHS CUCTEMHU.

Iumepdgeiic kopucmysaua, b6aza 3Hanb ma
KOMNAEKC NPUUHAMMS PilleHb GUKOPUCTOBYIOMb
anapamme 3abe3neyeHisi 01 c8o€l pobomu.

Pe3yabTaTH gocCHimzKeHB OCOOIHMBOCTEH,
mpo0JIeM Ta 3aaad BIPOBAKCHHS ITiIDKHUTAII3a-
ITii CBiAYATh, IO JiIKATANI3AIS Oi3HECY SK €BO-
JIOIIAHUI MpoIleC BIPOBA/HKCHHS 3HAHb 1 TBOP-
YOCTi € HEBiJl'EMHOI YaCTHHOI YCIIIITHUX KOM-
naHiii. Jlijokuranizamis 103BOJSE ONTUMI3YBaTH
Oi3HEC-TIpollecH, TIABUINWTH  NPHOYTKOBICTH
KOMITaHii Ta Opi€HTOBaHA Ha CTBOPEHHS IIHHOCTI
JUTSI 32JTOBOJICHHSI ITOTPEO CIIOKUBAYIB.
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VY mporieci BOPOBaPKEHHS JiJPKATATI3AIT
Ta OIMIHKH ii e(EeKTUBHOCTI MOXKHA 3aCTOCYBATH
IHTEIIeKTyalbHI iH(QOpPMAIIiHI CHCTEMH TiATPHM-
KU TIPUAHSATTS PillleHb, SKi MOXYTh a/IalTyBaTH-
cs1 10 pi3HOTO HAbOpPY KPHUTEPIiiB Ta iX mpiopure-
TiB. B OCHOBI Takux CHUCTeM MOXe OyTH peaii3a-
i OHOTO 3 BiJIOMHMX EKCIEPTHHUX METOIB, a
TaKoX BUKOPUCTAHHS METOAIB OaraToKpuTepiaib-
HOI ONTHMIi3aIlii.

Jlo eneMeHTiB iH(OpMALIHHOT CHCTEMH
OLIHKKA €(eKTUBHOCTI IiMKHUTaANI3aLii MOXYTb
HaJIe)KaTH: 3allikaBjeHi ocolu, amapaTHe 3a0e3-
MIEYEHHSI, EKCIIePTH, KOMIUIEKC TPHUHHATTS pi-
LIeHb, 0a3a 3HaHb, iHTep(eiic KopucTyBaya.

OOroBopeHHs1 pe3yJbTATiB JOCHiIKEH-
Hsi. OTpuMaHi pe3ylbTaTd IMOKa3aJid, M0 Tema
BIIPOBAJKEHHS [IJPKUTANI3AI] € JOCTaTHHO aK-
TyaJbHOIO0, a CIPOOW OLIHUTU PE3YJIbTATUBHICTD
[BOTO TPOIIECY 3HAXOJATHh BiIOOPaKEHHS B PO-
00Tax 0araThbOX HAyKOBIIIB.

OcHOBHI TpoOJIeMH BIPOBAIKEHHA [i-
JOKMTATi3allil 1MOB’sI3aHi 3 BU3HAYCHHIM KOPEKT-
HUX 200 eeKTHBHUX KPHUTEPIiB OI[IHKH BIIPOBa-
JOKEHUX 3aXOJiB, PETPOCIECKTUBOIO HEBAAIHX
cpo0 mipKuTaNi3amii, HeXTyBaHHAM KiOepOes-
MEKOr0 200 MPUIIIIEHHM ilf HEZIOCTaTHBOI YBarH.

BucHoBku. BukoHaHuli aHali3 TOTOYHOTO
CTaHy TEXHOJIOTiH Ta METOMIB OIlIHKA €EeKTUB-
HOCTI JiJDKHMTAI3aIlil CBiIYHTh, M0 CSPEKTUB-
HICTh BIPOBAUKCHHS IKUTATI3AIT B PI3HUX
cdepax IMOACHKOI MisTTPHOCTI OIIHIOETHCS 32 J0-
MIOMOTOI0 METOJIiB OaraToKpUTepianbHOI ONTHUMI-
3allii, sIKi BUKOPUCTOBYIOTBCS UISl TIOUIYKY 3HA-
YeHb PO3POOJICHNX IHAEKCIB, SK-TO METO]| 3BaXKe-
HUX cyM. HepiKko BUKOPUCTOBYIOTHCS €KCIIEPTHI
ONUTYBAHHS SK I1HCTPYMEHT JUIsl TPUHHSATTS
pilIeHs.

HaykoBa HOBU3HA MPOBEACHOTO JOCIi-
JOKCHHSI TIOJISATa€ y BU3HAYCHHI 0COOJMBOCTEH
mpolecy IifKuTami3amii y KOHTEKCTi OIliHIOBaH-
HA 11 epexTuBHOCTI. OnTUMi3alis Oi3Hecy M-
xoM BrpoBamxkeHHs [T-pimens Ta poborumzartii
BKJIIOYA€ HOBi 30BHIIIHI (paKTOpH Ta MOXKIUBOC-
Ti, fKi TOTPeOYyIOTh TMEPerjsiAy CTpaTeTidHIX
TIPiOPHUTETIB.

[IpakTH4He 3HAa4YEHHS OTPUMAHHUX PE3YJIb-
TaTIB TOJISATAE Y BU3HAYCHHI CTPYKTypH iH(DOpP-
MAaIlHOI CHCTEMHU OIiHKHA €(DEKTHUBHOCTI JIi/IKH-
Tamizalii, JKa Moke OyTH BUKOPHCTaHa JUIsl PO3-
POOKHM peaylbHOi CUCTEMH OL[IHIOBaHHS €(EeKTHB-
HOCTI ITU(POBOI TpaHchopMartii.

IToganpmioro AOCTiPKEHHST TOTPEOYIOTH
MUTAHHS BHU3HAYEHHS OCOOJIMBOCTEH TPOEKTY-
BaHHS Ta IUIAHYBaHHS MPOIECY IiKHUTANI3aIl],


https://doi.org/10.24025/2306-4412.1.2022.255991

ISSN 2306-4412 (Print), ISSN 2306-4455 (CD-ROM), ISSN 2708-6070 (Online)

NUTaHHS CTPYKTYpH3alii Ta 3aCTOCYBaHHS KpH-

TEpiiB OLIHIOBaHHSA €()EKTHBHOCTI

nudposoi

TpaHchopmarii, a TaKoX YIPABIIHHS IPOICCOM
PO3pO0KH iHTeNeKTyanbHOi iH(pOpMaLiiHOI CHC-
TEMH OITIHIOBaHHS ¢(pEKTUBHOCTI JiPKATATI3aIIi].
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MODERN TECHNOLOGIES FOR EVALUATING THE EFFECTIVENESS
OF DIGITALIZATION

The paper examines modern technologies for evaluating the effectiveness of digitalization. The
process of digitalization is analyzed. It is determined that an integral part of successful companies is a
continuous rethinking of the company's development method aimed at a simple, economical and relia-
ble work option, updating and following new trends in the market of technical developments. It has
been established that digital transformation allows to optimize business processes, increase the profit-
ability of the company and is focused on creating value to meet the needs of consumers. The stages of
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the digitalization implementation project, which include: analysis of current resources and processes;
development of a plan for the transition to the use of new technologies together with the final goals;
implementation of planned activities; evaluation and systematization of the obtained results, are pre-
sented. The main tasks of digitalization, such as: development and implementation of a plan for the
transition to a new paradigm; migration of information flows into digital form; reduction or elimina-
tion of the human factor in typical tasks; automation of processes that can be automated, are indicat-
ed. The main problems of digitalization implementation, namely: determination of incorrect or ineffec-
tive criteria for evaluation of implemented measures; setting too abstract goals in the approach to the
digitalization process; necessity to think ahead and build a map of interaction with the client, effective
for both interested parties; retrospective of unsuccessful attempts at transformation; neglect or insuf-
ficient attention to cyber security, are presented. An analysis of the current state of technologies and
methods for assessing the effectiveness of digitalization is performed. It is determined that in the pro-
cess of implementing digitalization and evaluating its effectiveness, it is possible to apply intelligent
decision support information systems that can adapt to a different set of criteria and their priorities.
The basis of such systems may include the implementation of one of the well-known expert methods, as
well as the use of multi-criteria optimization methods. The elements of the information system for
evaluating the effectiveness of digitalization may include: interested persons, hardware, experts, deci-
sion-making complex, knowledge base, user interface. In further research, it is advisable to create a
mathematical model for evaluating efficiency criteria and a model for evaluating the digitalization
process itself.
Keywords: digitalization, evaluation, efficiency, system, automation, decision-
making.

© I. T'. 3inuenko, O. B. JlaBganceka, 2022
DOI: 10.24025/2306-4412.2.2022.263563

42


https://doi.org/10.24025/2306-4412.1.2022.255991

BicHuk YepkacbKkoro aepxaBHOro TeXHOJSOri4YHOro yHiBepcutety

2/2022

UDC 004.89=111

D. O. Yakymenko, Graduate Student (Applicant),
Ye. Yu. Kataieva, Ph. D., Associate Professor
Cherkasy State Technological University
Shevchenko blvd, 460, Cherkasy, 18006, Ukraine

METHODS AND MEANS OF INTELLIGENT ANALYSIS OF TEXT DOCUMENTS

The paper reviews the methods of analysis and processing of electronic documents. Methods
of analysis of text documents to solve the problem of determining the thematic affinity of texts
are analyzed. An overview of existing approaches to solving the classification problem is performed.
The main approaches used in the task of text classification are described; the stages of
the classification process are determined and the most common methods of classifying text documents
are considered. The main approaches to text pre-processing, such as: lower case, root correction,
stemming, lemmatization, stop word removal, normalization, are considered. Advantages and
disadvantages of each approach are considered. The procedure for reducing the dimension of a set of
features with a division into sub-processes: selecting features and highlighting features is considered.

Keywords: keywords, text analysis, search, text documents, classifications.

Introduction. The rapid development of
computer technology has led to the rapid
accumulation of electronic text documents. This
situation will lead to the fact that existing
methods of processing electronic text documents
will not be able to meet the needs of users in both
corporate networks and the Internet.

That is why there is a need for methods
that will provide a quick and easy distribution of
documents by category or keyword.

Based on this, you can identify the
following major problems associated with
increasing the amount of information:

e the growing volume of documents posted
on the Internet is the reason for the growing
difficulties in finding the necessary documents
for users and their organization;

e technologies for working with text
documents involve a rather large complexity of
implementation, which affects the speed of data
processing;

e a significant part of electronic text
documents is unstructured information.

The purpose of the study is to analyze
existing means of electronic texts analysis.

The research task consists in the
analysis of:

1) means to work with text documents;

2) methods of processing text documents;

3) applications used to analyze electronic
texts.

Presentation of the main material. The
most conventional examples of intelligent text
analysis include technologies for extracting
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factual information about the search object, fuzzy

search; thematic and tonal (accurate and
complete) rubrics; selection of documents;
selection of key topics; construction of

annotations; use of methods of intelligent text
analysis to determine the directions of research of
large document funds and obtain new
information about the process of automatic text
summarization. The most modern areas of
obtaining information from texts today are:

« analytical processing of facts;

« file keeping;

« annotation of documents;

e conducting a thematic analysis
docskills (clustering and heading);

« construction and dynamic analysis of a
sample of the ethical structure of texts;

« selection of key topics and information of
other objects;

e study of frequency characteristics of
texts [1].

Most of these methods are aimed at pro-
cessing documents, each of which relates to a
specific, often quite narrow topic. This statement
is true mainly for small documents (such as small
web pages), but not for large documents, which
often relate to several topics at once. Examples of
such documents are musts, scientific articles and
others. We introduce a definition for this type of
document.

Definition 1. A text document of any size,
which simultaneously belongs to several topics,
is called polythematic.

of


https://doi.org/10.24025/2306-4412.1.2022.255991

ISSN 2306-4412 (Print), ISSN 2306-4455 (CD-ROM), ISSN 2708-6070 (Online)

Definition 2. A text document of any size,
which relates to only one specific topic, is called
monothematic.

Definition 3: The subject of the text docu-
ment - some subjective perception of the person,
the user of the search engine, which is considered
in the text of the subject area, its main content.

Definition 4: A text is a sequence of sen-
tences, words, built according to the rules of a
given language, a given sign system and forms a
message that carries some useful information [2].

Polythematic documents contain multifac-
eted goals, thus reflecting the information needs
of different users. Text repositories, which usual-
ly store such documents, are usually character-
ized by several topics.

To date, few methods allow to process
polythematic text documents - to perform their
classification or clustering. Therefore, the devel-
opment of methods for solving these problems is
especially important. The purpose of the classifi-
cation of polythematic text documents is to as-
sign the same text document to more than one
topic. The purpose of clustering polythematic
text documents is to automatically divide text
documents into a priori not specified groups so
that each document belongs to more than one of
them [3, 4].

Classification of text documents

Document classification, often known as
document categorization, is a challenge in li-
brary, information, and computer science. The
assignment of a document to one or more groups
or categories is the task. This can be accom-
plished "manually" or algorithmically. Intelligent
document categorization has traditionally been
the domain of library science, whereas algorith-
mic document classification has traditionally
been the domain of informatics and computer
science.

Texts, photos, music, and other media may
all be categorized. Each type of document has its
own set of categorization issues. Text categoriza-
tion is assumed unless otherwise stated.

The tasks of automatic document classifi-
cation can be divided such types: supervised
document classification where some external
mechanism (such as human feedback) provides
information on the correct classification of doc-
uments, unsupervised document classification
(also known as document clustering), semi-
supervised document classification, in which
sections of the documents are labelled by an ex-
ternal process, and unsupervised document clas-
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sification, in which the classification must be
performed totally without reference to external
information. There are different software pro-
grammes available with varied licence models.

Documents can be categorized based on
their subjects or other attributes (such as docu-
ment type, author, year of publication, etc.). Only
sub-subject categorization is discussed in the
remainder of this article. There are two basic
approaches to document subject classification:
the content-based approach and the request-based
approach. The categorization task is as follows:
there are several papers and classifications. The
aim is to discover pairs of "document, category"
that are compatible with each other [5].

The general classification scheme consists
of four stages:

1) pre-processing and indexing;

2) reducing the dimensionality of many
features;

3) construction and training of the
classifier;

4) assessment of the quality of

classification.

At the stage of preliminary processing and
indexing of documents, the features of the docu-
ment, which are all its significant words or
phrases, are formed. This stage includes tokeni-
zation, i.e. breaking the text into smaller objects,
such as sentences, phrases or words; removal of
functional words (semantically neutral, such as
conjunctions, prepositions, articles, etc.) and
morphological analysis, i.e. identification of parts
of speech and stemmatization or lemmatization.

Reducing the dimensionality of a set of
features is a process of giving weight to words,
depending on their importance for the classifica-
tion of the text, and further removing weightless
terms from the set of features.

A threshold weight is set to remove terms
below which terms are considered unimportant.

By reducing the dimensionality of the set
of terms, you can reduce the effect of retraining -
a phenomenon in which the classifier focuses on
random or erroneous characteristics of education-
al data, and not on actually important ones [6].

We are only interested in the first and se-
cond stages. Therefore, let's consider them in
more detail.

Pre-processing of text documents

Pre-processing your text simply means
transforming it into a predictable and analyzable
format for your work. A task is a mix of method
and domain in this context. A Task may be ex-


https://doi.org/10.24025/2306-4412.1.2022.255991

BicHuk YepkacbKkoro aepxaBHOro TeXHOJNOriYHOro yHiBepcutety

2/2022

tracting top keywords from Tweets (domain)
using tfidf (method).

There are several methods for text pre-
processing. Here are various techniques that you
should be aware of, and we'll attempt to empha-
size the significance of each.

Lowercasing — although it is sometimes
forgotten, lowercasing of all text data is one of
the simplest and most efficient forms of text
preparation. It is applicable to the majority of text
mining tasks and might be useful when your da-
taset is small. It also considerably improves the
consistency of the predicted output [7].

Stemming - the practice of reducing word
inflections (for example, troubled, troubles) to
their base form is known as stemming (e.g., trou-
ble). In this situation, the "root" might be a ca-
nonical variant of the original word rather than a
true root word.

Stemming is a primitive heuristic proce-
dure that cuts off the ends of words in the goal of
appropriately changing them into their base form.

Lemmatization — on the surface, lemmati-
zation appears to be similar to stemming in that
the objective is to remove inflections and map a
word to its root form. The main distinction is that
lemmatization attempts to do it correctly. It
doesn't merely cut things off; it truly changes the
root of the term.

Stop words removal — language stop
words are a group of frequently used terms. Stop
words in English include "a," "the," "is," "are,"
and others. Stop words are used with the theory
that by eliminating uninformative terms from the
text, we can focus on key words instead.

Stop words removal was proved to be inef-
fective in classification systems, although being
successful in search and topic extraction systems.
However, it helps to reduce the number of fea-
tures considered, keeping your models reasona-
bly sized [8].

Normalization — text normalization is an
often-overlooked pre-processing procedure. The
process of converting a text into a canonical
(standard) form is known as text normalization.

Text normalization has also been shown to
be useful in evaluating highly unstructured clini-
cal texts in which physicians take notes in un-
conventional ways. It's particularly effective for
subject extraction if there are a lot of close syno-
nyms and spelling discrepancies.

Unlike stemming and lemmatization, there
is no universal method for normalizing texts. It is
usually determined by the task.
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Dictionary mappings (the easiest), statisti-
cal machine translation (SMT), and spelling-
correction-based techniques are some typical
ways to text normalization.

The optimal preparation for one job may
become the greatest nightmare for another. Take
note: text preparation cannot be transferred
straight from job to task. Currently, there are two
basic ways to text document pre-processing,
known as document image generation.

1. Statistical approach. The methods of this
approach, as a rule, consist in the analysis of the
frequency of occurrence of words in texts in one
or another of its variation and in the use of this
information in the course of revealing and select-
ing representative signs of documents.

2. Linguistic approach. The main direc-
tions of this approach are morphological and
syntactic analysis. Morphological analysis is
important for Ukrainian language documents, as
it allows to bring the processed features to some
normal form. Such a reduction is necessary to
recognize equivalent words with a common mor-
phological basis. Parsing allows to automatically
parse a text and build syntactic structures of its
phrases, grouping words into classes within
which they have similar syntactic behavior, these
classes of words are called syntactic or grammat-
ical categories (for example, parts of speech).

Linguistic and statistical methods comple-
ment each other because they use different ap-
proaches to information analysis, so the best re-
sults can potentially be achieved by combining
both methods. However, currently linguistic
methods (except for morphological analysis) are
usually used only for research purposes and are
not used in ready-made (commercial) infor-
mation retrieval systems, as this approach is as-
sociated with much higher computational costs
than statistical one. Moreover, a significant im-
provement in the quality of such systems in this
approach compared to the statistical approach
hasn’t been found, which is often due to the large
noise component introduced by the errors of the
automated parser. Therefore, the most common
today is the combined method of pre-processing
of text documents, which combines statistical
approach and morphological analysis. This is a
compromise between the complexity of calcula-
tions and the quality of results [9].

Since the linguistic approach to pre-
processing of text documents is currently practi-
cally not used, as it requires large computational
resources, we consider static methods that do not
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require such large computing resources, and are
common methods of pre-processing of text doc-
uments.

In the statistical approach, the pre-
processing of text documents is to perform the
following main steps:

1) formation of the space of documents
signs;

2) display of images docskills in the space
of their signs;

3) reduction of the initial avsharp signs of
documents [10].

Word2vec is a technique for natural lan-
guage processing published in 2013. The
word2vec algorithm uses a neural network model
to learn word associations from a large corpus of
text. Once trained, such a model can detect syn-
onymous words or suggest additional words for a
partial sentence. As the name implies, word2vec
represents each distinct word with a particular list
of numbers called a vector. The vectors are cho-
sen carefully to indicate the level of semantic
similarity between the words represented by
those vectors [11].

Word2vec is a group of related models that
are used to produce word embeddings. These
models are shallow, two-layer neural networks
that are trained to reconstruct linguistic contexts
of words. Word2vec takes as its input a large
corpus of text and creates a vector space, typical-
ly of several hundred dimensions, with each
unique word in the corpus being assigned a cor-
responding vector in the space. Word vectors are
positioned in a vector space such that words that
share common contexts in the corpus are located
close to each other in the space [12].

Analysis of methods of
processing

The method of determining the weights of
the features of the document. The most common
methods for determining the weights of
document features are TF-IDF, a statistical indi-
cator used to assess the importance of words in
the context of a document that is part of a collec-
tion of documents or corpus. The weight (signifi-
cance) of a word is proportional to the number of
uses of that word in the document, and inversely
proportional to the frequency of use of the word
in other documents of the collection.

The TF-IDF indicator is often used to rep-
resent the documents of a collection as numerical
vectors that reflect the importance of using each
word from a set of words (the number of words
in the set determines the dimension of the vector)

text data
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in each document. Such a model is called a vec-
tor model and makes it possible to compare texts
by comparing their representing vectors in a cer-
tain metric (Euclidean distance, cosine measure,
Manhattan distance, Chebyshev distance, etc.),
perform cluster analysis [13].

The first step in word processing is to cal-
culate the TF-IDF weights for each word o in
each document.®p.

TF is the ratio of the number of occurrenc-
es of the selected word to the total number of
words in the document. Thus, the importance of
the word within the selected document is as-
sessed [14]:

n *
wdPp

tf (o, ®p) = @)

L
Ng*
®p

where nq is the number of occurrences of the

word o in the document;
ngy Is the total number of words in the

document.
IDF (Inverse Document Frequency) is the

inversion of the frequency with which a word

occurs in the documents of a collection. The use

of IDF reduces the weight of commonly used

words [14]

|Pp|

|Ppow]’

idf (w,A) = (2)
where |®5] is the total number of documents in
a collection A,

|®p D w] is the number of documents in
which it occurs when nyq:, # 0.

So, the TF-IDF indicator is [14]

tfidf (w, @5, A) = tf(w, ®}) * idf (w,4). (3)

More weight of TF-IDF will be given to
words with a high frequency of occurrence with-
in the document and low frequency of use in
other documents of the collection [14].

The method of assessing the proximity of
text documents. Polythematic text documents can
also be characterized by using document similari-
ty features.

One of the methods to calculate relative es-
timates of thematic similarity includes the fol-
lowing steps:

- for each document, several (relatively
small) documents representing its thematic envi-
ronment are defined:;

- constructed thematic environments are
analyzed in order to form a set of key themes,
which characterize the subject of the source doc-
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ument in relation to other documents of the col-
lection;

- obtained keyword sets are used to further
calculate relative estimates of thematic similarity.

The need to find the thematic environment
of a document is caused by the relativity of the
concept of thematic proximity of documents,
which is determined by the context in which the
proximity of documents is assessed. For example,
two documents characterizing, respectively,
changes in stock quotes and changes in exchange
rates, are likely to be considered thematically
similar among a random set of documents, but at
the same time they differ significantly within the
limits of a highly specialized economic collec-
tion. Therefore, the assessment of thematic prox-
imity is not only determined by the documents
themselves, but also depends on the whole array
of documents [15].

It is known that vocabulary and frequency
of use of words depend on the subject. Therefore,
only those words that are more specific to the
subject of this document are taken into account to
calculate estimates of thematic proximity. Such
words are distinguished by the results of the
analysis of the approximated thematic environ-
ment of this document.

Keyword selection method. Using the
method of extracting keywords from the text
allows to find the information you need in a short
period of time.

Keyword is a word or constant expression
of natural language, which is used to express
some aspect of the content of the document; a
word that has a significant semantic load. It can
be a key when searching for information on the
Internet or on a website.

There may be a synonymous relationship
between keywords in terms of this search engine.
The accumulation of keywords through
meaningful analysis of texts or algorithmically,
for example, by comparing words of a text with a
fixed list of non-keywords, is an important step
in choosing the source dictionary of information
retrieval languages; the selected keywords are
further combined into descriptors. Descriptor
dictionaries provide links from keywords to
corresponding descriptors. Keywords are the
basis of search results. It should be remembered
that a keyword can be not only a word but also a
phrase [16].

Selection of keywords, extraction of the
most important or characteristic fragments from
one or many sources of information has become
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an integral part of our lives. Keyword selection
tools are certainly useful, but their capabilities
are limited to selecting and extracting the original
snippets from the original document and
combining them into a short text. The preparation
of a summary aims to describe the main content
of the text.

The main difference between the means of
selecting keywords is that they, in fact, form a
summary or set of citations from a particular
material. Both types of presentation have two
main purposes: to identify the most important
idea of the full text and select keywords [17].

You can identify three key points that are
not taken into account when selecting keywords
from the text:

a) division into parts by keywords (by
formatting);

b) selection of keywords (by weight);

c¢) formation of a summary document (in
the form of statistics).

The method of comparison is the compari-
son of objects in order to identify common fea-
tures or differences between them. The method of
comparison is used in the process of generaliza-
tion, when it is necessary to identify identities,
coincidences and contradictions in the objects of
study. Here identity is a full-fledged coincidence
of all signs; coincidence is a coincidence of
signs, starting from one; contradiction is when
features of some objects are absent in others.

One of the methods used to identify clus-
ters of documents that have similar properties
only in some aspects, such as words or images, is
biclasterization. The method is used for queries
and indexing of full-text systems. Initial data is a
matrix in which rows correspond to words and
columns correspond to documents. To cluster
documents, the number of word occurrences in a
document, the total number of documents, and
the number of documents containing a particular
word are taken into account [18]. Thus, words
can be clustered based on the documents in
which they occur. Clusters are convenient for
automatic construction of statistical thesauri,
clarification of queries and automatic classifica-
tion of documents, but it is impossible to perform
meaningful text analysis using clusters.

Search for fuzzy duplicates involves clus-
tering documents by the similarity of their certain
characteristics, and the implementation of the
algorithm consists of the following steps:

- canonization of steps — at this stage the
text is cleaned of unnecessary words that do not
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carry a meaning during comparison, i.e. the text
is reduced to a canonical form;

- breaking the text into shingles;

- finding checksums — unique numbers,
each of which corresponds to a text and the func-
tion of its calculation. Then, from the whole set
of checksums (their number is equal to the num-
ber of words in the document minus (W-1, where
EP is the number of words in the shingles), only
those that are divisible by a certain selected
premature number are selected,

- search for identical sequences - one shin-
gle, which coincided during the selection, ap-
proximately corresponds to a predetermined
number of identical parts in the full text [19].

Lexical and syntactic templates are charac-
teristic expressions (phrases or inversions), con-
structions from the corresponding elements of
natural language. Such templates allow to build a
semantic model of the text. It is assumed that
lexical relations in the document can be de-
scribed with the help of templates (samples). This
method uses a hierarchy of templates consisting
of indicators of parts of speech and group sym-
bols.

Thus, the analysis of the software used to
detect text documents has shown the imperfec-
tion of the methods underlying modern automatic
analysis systems. So, there is a need to create
such software that would use the methods of deep
linguistic processing. This will make it possible
to compare text documents by content [20].

Analysis of word processing software

OBSERVER. This system offers an
approach to using existing ontologies to access
distributed and independently developed data
repositories. It is assumed that there are many
pre-created ontologies of subject areas, and the
user does not have to "adapt" to a particular
ontology. The user formulates his language query
in terms of one or more ontologies, and the
broker "searches" for relevant documents by
translating the query into suitable ontologies and,
if necessary, combining several ontologies to
respond more accurately to the query [21].

TEXTANALYST. TextAnalyst is designed
as a tool for analyzing the content of texts,
semantic search for information, the formation of
electronic archives, and provides the user with
the following main features:

1) analysis of the content of the text with
automatic formation of a semantic network with
hyperlinks - obtaining a semantic portrait of the
text in terms of basic concepts and their semantic
connections;
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2) analysis of the content of the text with
automatic formation of the thematic tree with
hyperlinks identification of the semantic
structure of the text in the form of a hierarchy of
topics and subtopics;

3) semantic search, taking into account the
hidden semantic connections of the query words
with the words of the text;

4) automatic abstracting of the text - the
formation of its semantic portrait in terms of the
most informative phrases;

5) clustering of information - analysis of
the distribution of text material by thematic
classes;

6) automatic indexing of text with
conversion to hypertext;

7) ranking of all types of information about
the semantics of the text by "degrees of
significance" with the possibility of varying the
detail of its research [22].

ADVEGO PLAGIATUS software
product that allows to perform semantic analysis
online, while finding the semantic core, and also
allows to check the electronic document for
uniqueness against web documents that are
publicly available on the Internet.

The text of the article is analyzed by
several algorithms:

e Shingles algorithm - exact matches of
phrases, copypaste sources, as well as pages on
which stolen texts are placed are checked.

o Algorithm of lexical matches - checks
the similarity of a set of lemmas, terms and
significant words, there are sources of rewriting,
as well as pages that match the topic with the
article being tested.

e Pseudo-unification algorithm the
presence of third-party characters and signs of
text processing is checked by "enhancing"
uniqueness services [23].

The main task of these systems is to search
for information in large full-text arrays. The da-
tabase of such systems can download any textual
sources of information, including large ones:
encyclopedias, directories, archives of periodi-
cals, entire libraries of special literature, archives
of corporate documents, specialized archives,
such as historical, patent, court, transcripts, pro-
tocols and much more. In response to a specific
request, the system issues a set of links. Next, the
system must process each link and publish all
relevant texts, i.e. the system must search not just
documents, but the information contained in
them.
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DEEPDIVE is a system to extract value
from dark data. Like dark matter, dark data is the
great mass of data buried in text, tables, figures,
and images, which lacks structure and so is es-
sentially unprocessable by existing software.
DeepDive helps bring dark data to light by creat-
ing structured data (SQL tables) from unstruc-
tured information (text documents) and integrat-
ing such data into an existing structured database.
DeepDive is used to extract sophisticated rela-
tionships between entities and make inferences
about facts involving those entities. DeepDive
helps to process a wide variety of dark data and
put the results into a database. With the data in a
database, one can use a variety of standard tools
that consume structured data.

DeepDive is a trained system that uses ma-
chine learning to deal with various forms of noise
and imprecision. DeepDive is designed to make it
easier for users to train the system through low-
level feedback and rich, structured domain
knowledge via rules. DeepDive wants to help
experts who do not have machine learning exper-
tise. One of DeepDive's key technical innova-
tions is its ability to solve statistical inference
problems at massive scale.

DeepDive differs from traditional systems
in several ways:

e DeepDive asks the developer to think
about features - not algorithms. In contrast, oth-
er machine learning systems require the devel-
oper to think about which clustering algorithm,
which classification algorithm, etc. to use.

e DeepDive systems can achieve high
quality: DeepDive has higher quality than hu-
man volunteers in extracting complex
knowledge in scientific domains and winning
performance in entity relation extraction com-
petitions.

e DeepDive is aware that data is often
noisy and imprecise: names are misspelled, nat-
ural language is ambiguous, and humans make
mistakes. Taking such imprecision into account,
DeepDive computes calibrated probabilities for
every assertion it makes.

e DeepDive is able to use large amounts of
data from a variety of sources. Applications
built using DeepDive have extracted data from
millions of documents, web pages, PDFs, ta-
bles, and figures.

e DeepDive allows developers to use their
knowledge of a given domain to improve the

© D. O. Yakymenko, Ye. Yu. Kataieva, 2022
DOI: 10.24025/2306-4412.2.2022.259408

49

quality of the results by writing simple rules
that inform the inference (learning) process.
DeepDive can also take into account user feed-
back on the correctness of the predictions to
improve the predictions.

e DeepDive is able to use the data to learn
"distantly". In contrast, most machine learning
systems require tedious training for each pre-
diction. In fact, many DeepDive applications,
especially in early stages, need no traditional
training data at all!

e DeepDive's secret is a scalable, high-
performance inference and learning engine. For
the past few years, we have been working to
make the underlying algorithms run as fast as
possible [24].

SCIKIT-LEARN (formerly scikits.learn

and also known as sklearn) is a free software

machine learning library for the Python
programming language. It features various
classification,  regression and  clustering

algorithms, including support-vector machines,
random forests, gradient boosting, k-means and
DBSCAN, and is designed to interact with the
Python numerical and scientific libraries NumPy
and SciPy. Scikit-learn is a NumFOCUS fiscally
sponsored project.

Scikit-learn is largely written in Python,
and uses NumPy extensively for high-
performance linear algebra and array operations.
Furthermore, some core algorithms are written in
Cython to improve performance. Support vector
machines are implemented by a Cython wrapper
around LIBSVM; logistic regression and linear
support vector machines by a similar wrapper
around LIBLINEAR. In such cases, extending
these methods with Python may not be possible
[25].

Research results. Methods of analysis of
text documents significantly expand the
possibilities of cataloging text documents. This
becomes possible due to the fact that these
methods make it possible to record the kinship of
texts, the meaningful proximity of words, which
is not expressed simply in their similar spelling.
Also, fewer and fewer processing tasks require
pre-encoding arrays for model training. Another
important advantage is that the application of
these methods to document analysis makes it
scalable: it makes no fundamental difference for
a machine to analyze ten documents or one
million, while with manual coding the
complexity of the analysis largely depends on the
size of the text library to be analyzed. It also
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eliminates the sampling problem in document-
based studies, as automated analysis allows for
continuous sampling.

Also, along with the advantages of
automated document analysis, there are also
disadvantages. The main one is that the
performance of each technical task (for example,
classification) requires training of a new model
sharpened for this task. Training such models
requires arrays of texts labeled by researchers.
This also creates a second drawback - the models
are not 100% accurate and are highly dependent
on the quality of the data and the algorithm they
were trained with. The third disadvantage is the
technical resources required for text processing.

Discussion of results. There are many
programs that perform linguistic processing of
text, but none of them use mechanisms for
extracting content from textual information.

The main disadvantages of the considered
methods and applications for text processing are:

* the cumbersomeness of the computational
process, which is associated with the need for
constant optimization of the input document;

* to bring the document to the form when it
can be calculated, text simplifications are
performed. Therefore, the probability that
important words for the text will be simplified is
quite high;

e there is a serious danger that too much
attention to textual simplification may ignore the
context of words, regardless of where they occur;

* when using some methods for large texts,
the size of the final array may be too large, which
will require a large number of parameters during
its further processing;

« during training, the methods do not take into
account the order of words, and also use a limited
number of context words at each training
iteration.

In the process of researching the methods
of analysis of text documents, a general
procedure of text analysis is obtained, an
overview of existing approaches to solving the
analysis task is given, the main approaches used
in the task of text analysis are described, the
stages of the analysis process are defined, and the
most common mathematical methods of text
document analysis are considered. The revealed
features of use, advantages and disadvantages of
the specified methods allow to draw a conclusion
about the need for further improvement of
analysis algorithms based on the specified
methods, which would be simple to implement,

© D. O. Yakymenko, Ye. Yu. Kataieva, 2022
DOI: 10.24025/2306-4412.2.2022.259408

50

effective, have low computational costs during
training and high quality of analysis in real tasks.

Based on the analysis of the obtained
results, an algorithm will be developed, which,
based on the methods analyzed above, should
simplify the process of text analysis and allow
the use of methods of computer analysis of text
information to determine the attributes of a text
document, based on which the analyzed text can
be attributed to one or more groups, to which the
specified attributes correspond.

Conclusions. The use of text information
processing technologies is a promising area. The
implementation of analytical processing of
textual information is necessary in medicine, in
business, and much more.

When processing textual information from
a variety of disparate information resources, it is
necessary to identify the following tasks:

1) selection of title, authors, keywords and
construction of a conceptual model of the text;

2) integration into a full-text database;

3) search in full-text databases;

4) ensuring the relevance of the request;

5) reducing the amount of textual
information and summarizing the text from
several sources.

Search engines use an algorithm to search
for duplicate text documents in order to index
unique resources - that is, almost all branches of
science and technology, due to the complexity of
their organization, require intelligent processing
of textual information. Only methods of
processing textual information, the
implementation of which involves all stages of
analysis used in the analysis of language text, can
claim to conduct a meaningful analysis of
electronic text documents.

Almost all fields of knowledge, science
and technology due to the complexity of their
system organization, require intelligent data
processing, therefore the processing of electronic
documents today requires powerful mechanisms
for analyzing textual information, which would
ensure a complete and correct transition from
natural language to mathematical models of text
information processing.

As a result, it has been determined the
need to develop a classification algorithm based
on the mentioned approaches, such as lower case,
root correction, stemming, lemmatization, stop
word removal, normalization, which would be
simple to implement, effective, have low
computational costs during training and high
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quality of classification in real tasks. Also, an
approach to evaluating the thematic proximity of
documents using feature space reduction is
defined, and an algorithm for forming
information-search attributes of documents for
automatic clustering of documents is considered.
The expediency of using methods of intelligent
text analysis for this is considered.

In the future, an algorithm will be
developed that will enable the application of
methods of computer analysis of textual infor-
mation, and software based on it. It will
determine the attributes of a text document, based
on which the analyzed text can be assigned to
one or more groups, to which the specified
attributes correspond.
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. O. SIxkuMeHKo, acnipanm (3006y8au 0cs.-HayK. cmynens 0okmopa Qinocoii),
€. 0. KaraeBa, kano. mexu. HayK, 0OyeHm
Yepkacbkuii Aep:KaBHUN TEXHOJIOTIYHUHN YHIBEPCUTET
0-p llleBuenka, 460, m. Uepkacu, 18006, Ykpaina

METOJIMH TA 3ACOBU IHTEJIEKTYAJIBHOI'O AHAJII3Y TEKCTOBUX TJOKYMEHTIB

B pobomi nposederno ocnsio memoodis ananizy ma oopodxu enekmponnux 0oxymenmis. Ilpoana-
Ji308aHO MemMOOU aHALi3y MEeKCMOBUX OOKYMEHMI8 O/id GUPIUEHHs 3a0ayi BUSHAYEHH MEeMamuyHoi
CHOPIOHEHOCMI MeKCMIB.

Buxonano oenso icnyrouux nioxodieé 0o supiwenns 3aoaui knacugixayii. Onucano ocHOGHI nio-
X00U, Wo BUKOPUCMOBYIOMbCA 6 3a0ati Kiacugixayii mexcmis, eusHaueno emanu npoyecy Kiacugi-
Kayii ma po3ensanymo Haunowiuperiui memoou Kiacugixayii mexkcmogux 0okymenmie. Posensnymo
OCHOBHI nidxo0u 00 nonepedrvoi 0bpodxu mexcmy: Huoicniti pecicmp, Kopenesa xopexyisn, Cmemine,
Jlemamu3zayis, Budanenus cmon-ciosa, Hopmanizayis. Pozensanymo nepegazu ma HeOONIKU KOHCHO2O
nioxody. Pozensinymo npoyedypy 3menuienns po3mipnocmi Habopy 03HAK i3 NOOLIOM HA NIONpoyecu:
00UpaHHs 03HAK MA BUOLIAHHA O3HaK. Posenanymo, 6 akux eunadxax KodceH i3 nionpoyecis € Hedoyi-
JIbHUM OISl GUKOPUCIAHHS, MA ORUCAHO, SIKI NOULYKOGL ma (hiibmposi nioxoou i Mempuxu € aivmep-
HaAmMueHuUMu abo cnopioHeHuMuU Ol HUX.

3pobneno 6UCHOBOK W0O0 HEOOXIOHOCMI NOOATLUIO20 PO3POONIEHHS AN20PUMMIE Kiacu@ikayii
Ha 6a3i 3a3Havenux mMemoois, wo oynu 6 npocmumu 8 peanizayii, epeKmusHUMU, MATU HU3bKI 00UUC-
JIOBAbHI BUMPAMU NIO YAC HAGYAHHS A BUCOKY SKICMb KAACUDIKAYIT 8 peanbHUuX 3a60AHHSX.

Busnaueno nioxio 0o oyinku memamuyHoi 61U3bKOCMI OOKYMEHMIB 3 GUKOPUCTNIAHHAM PeOyKYii
NPOCMOPY O3HAK I PO3SIAHYMO AN2OPUMM POPMYEAHHS THHOPMAYIUHO-NOULYKOBUX ampubymie OOKY-
MeHmMi8 OJis1 GUKOHAHHA A8MOMAMUYHOI Kiacmepuzayii 0okymenmis. Posenanymo ooyinvuicms 3acmo-
CY8AaHHA 0TI Yb020 Memooi8 IHMeNeKmYailbHO20 AHANIZY MEeKCMY.

Ilpoananizosano siokpume npocpamue 3a0e3neueHHs 3 GUKOPUCIAHHAM PO3STAHYMUX MemOOi8.

Knrouoei cnosa: kniouosi croea, ananiz mexcmy, HOULYK, MeKCmosi OOKYMeHMU, KIaCUpikayis.

© D. O. Yakymenko, Ye. Yu. Kataieva, 2022
DOI: 10.24025/2306-4412.2.2022.259408

52


https://doi.org/10.24025/2306-4412.1.2022.255991

XIMIYHI TEXHONOTrII TA IHXXEHEPIA, EKONOINYHA BE3NEKA
YK 614.841:536.46

[0000-0002-2373-2429] €. 1. KI/IpI/I'-IeHKO
e-mail: kyrychenkojp@gmail.com
YUepkachbKuil iIHCTHTYT TOXKeXKHOT Oe3neku iMeHi ['epoiB HopHOOMIISI
HarioHanmpHOT0 yHIBEpCUTETY IIUBUILHOTO 3aXUCTY YKpaiHH
Byn. OHOMIpi€eHKa, 8, M. Uepkacu, 18034, Ykpaina

METOJAUKA BUSHAYEHHSI KPUTUYHUX 3HAYEHb ITAPAMETPIB
3OBHIIHIX TEPMIYHUX 1A HA IIIPOTEXHIYHI METAJIOOKCHUIHI BUPOBH
B YMOBAX EKCILVIYATAIII

Ilpaxmuune 3nauenHs Maiomo MemMOOUKU NONEPEONHCEHHS BUMYULEHUX NePeOUaACHUX NOCEHCOHe-
be3neynux pyiHyeans aUpoois y GURAOKY NIUEY 306HIUHIX MepMIYHUX Oill, SIKI NOGUHHI OA3Y8aMUCs HA
HAYK08O-00IPYHMOBAHUX MEMOOAX GUIHAYEHHS KPUMUYHUX 3HAYEHb NAPAMEmpPIE MEepMINHUX GNIUGIE HA
6UpPOOU | MEXHONOIUHUX Napamempis 3apsa0ie cymiwietl, nepesulyers AKUx npu3eooums 00 nepeoyac-
HUX HOJICEINCOHeDe3neynux pyuHysans eupoobis. Ha Oazi ompumanux excnepumeHmanbHux OaHux, Ma-
MeMamuyHux, eKCnepuUMenmaibHO-CIMamuCmuyHux mooeietl, Cneyianizoeano2o npocpammozo sabesne-
YeHHs Yy 6USNAOl HOMUPLOX CMAHOAPMHUX NAKeMi8 NPUKIAOHUX NpOSpam pO3POONEHO HAYKOBO-
00OIPYHMOBAHY MEMOOUKY SUSHAYEHHS KPUMUYHUX Olana30Hi6 3MIHU napamempie 308HIUHIX mepmoOili
ma Kepo8awux MexHONOIYHUX napamempie 3apadie cymiuiel, nepesuwyents aKux npu3eooums 00 no-
HCEANCOBUOYXOHEDE3NEUHUX PYUHYBAHb NIpOMexHIuHUX eupodis. lIpakxmuune 3acmocysanis po3pooneHoi
Memoouxu 0is 8UpoobIi8 HA OCHOGI DOCTIOHNCYBAHUX cyMiutell Y 8ueisdi 3acobie KOHMPOTIO | MEXHON02iY-
HUX peKOMeHOayiti 003601A€ 3HUZUMU 8iPORIOHICMY iX pYUHY8aHHs 8 ymosax excnayamayiiy 2...3 pasu.

Knwuogi cnosa: noscedcna Gesnexa, nipomexHiuni cymiwi, npoyecu 3atMaHHs ma 20piHHA,
NOPOWKYU MEMAnesux NAIbHUX ma OKCUoie Memaris.

Beryn. Huni nipoTexHiuHI METalOOKCHIHI ~ HAM TOXKEX Ta BUOYXiB BHACHIJOK BIUIUBY 30B-
BUPOOU, OCHOBOIO SIKMX € CyMilli MeTaJeBUX HINIHIX TepMiuHuUX Aid. OCTaHHI MOXYyTh OyTH
MaGHUX (MarHiro, alfOMiHIl0, TUTaHYy, IUPKOHIF0  0OYMOBJICHI, HANPUKJIAJ, MOXKEKCI Y CKIAJICh-
Ta iH.) T2 OKCHJIB MeTaliB (OKCHIIB MiJi, CypMH, KUX MPHUMIIICHHSX, € 30epiraroTbCs BHPOOH,
HIKENMO Ta iH.), IIMPOKO BUKOPUCTOBYIOTHCS SK  3aiiMaHHAM OJIM3bKO PpO3TAlIOBaHUX 00 €KTIB
cranaxyBajibHI Ta 3alaJIlOBalbHI 3acO0M sl TNpH TPaHCIOPTYBaHHI, YMOBaMH MOCTPiTy Ta
OCBITJIIOBAILHHX 1 CHTHANBHUX TATPOHIB Ta CHa-  IOJIbOTY BUPOOIB TOMIO.
psniB, IY-3aco0iB TEmnoBOro 3axucTy Ppi3HUX ToMy MpakTUYHOTO 3HAYECHHS HAOYBaIOTh
00’€KTIB, & TAKOXK y BUTJISIII 3aCO0IB B apTHJICPiii- METOJUKHU TOMEPEKCHHS pPyHHYBaHb BUPOOIB 3
CbKMX a00 O0OMOOBMX AMCTAHIIMHMX TpyOKax Ta BHHUKHEHHSM IIOKEXKI IMPHU BIUIMBI 30BHILIHIX
iH. BogHoWac 3 KO)KHUM pOKOM B YKpaiHi Ta B TepMiuyHHUX Aiif. OCHOBOIO ITUX METOJIUK € METOIU
YCbOMY CBITI 3pOCTa€ KUIBKICTh TIOJKEX 1 BUOYXiB ~ BU3HAUCHHS 3HAYEHb I1apaMeTPiB TEPMiYHUX
y mpoueci o0iry IOCHiKyBaHMX BHpOOIB, IO  BIUTMBIB i TEXHOJOTTYHUX XapaKTEPUCTHK 3apsliB
NPU3BOIUTE 10 PyHHYBaHHA OO €KTiB, TpaBMy- CyMIIIeH, TEpEBUILCHHS SKHX IPU3BOIUTH JIO
BaHHS Ta 3aru0eni JIOJIeH, 3HAYHNX MaTepialIbHAX  MOXKEKOHEOe3NeUHHX pyHHYBaHb BUPOOIB.
30uTkiB [9]. Benmuka KiTbKicTh HEepeAYacHUX BHU- Ha 1meii MOMEHT Ha OCHOBI HpPOBEICHHX
OyXOHEOE3MMeYHNX CHpalbOBYBaHb 3a3HAUYCHMX  JIOCTAaTHBO HIMPOKHX TEOPETUKO-EKCIIePHUMEH-
BUpOOiB Mayia KatacTpo(iuHi Hachmiaku (Mekcuka  TanbHUX JOCHIJPKEHb 3a3Ha4eHi METOAU PO3pod-
(2017 p.), Hopmanis (2019 p.), Jisan (2020 p.) Ta  JIEHO TiMBKM IS IIAPOKO BHKOPHCTOBYBAHUX Y
in.). Tak, wampukmax, y mopty M. belipyr mipoTexHimi cymimieil MeTaneBux MalbHUX 1 HIT-
(2020 p.) B pe3ynbTaTi MOXKEXKI Ha CKIaml Mipo- PaTOBMICHHX OKHCHIOBAaYiB (HITpaTiB Jy)KHHX Ta
TEXHIKM CTaBCS TOTY)XHHI BHOYX, IO CTBOPWMB  Iy)KHO3eMelbHUX MeTaniB) [5-8]. Po3pobneHo
yaapHy XBWIIO, sSIKa TOBHICTIO 3pyHHYyBajla MpU- METOJAM JJIs BU3HAUCHHS KPUTHYHHX 3HAYEHBb
HOpTOBY iH(pacTpyKTypy, OyIiBii Ta CIOpyAn HA  MapaMeTpiB 30BHIIIHIX TEPMIYHUX BIUIUBIB (Terl-
Bigcrani 10 KM, 3aTWHYJIO COTHI JIFOJEH, THCAYl —  JIOBHUX IOTOKIB, 4aciB X fil, mBUAKOCTEH 00yBY
OyJ0 mopaHeHo. MOTOKOM TIOBITPSI, PEKUMIB OOTIKaHHA Ta iH.)

3a3HavyeHi BUMAJKH CBigYath mpo Te, mo [10-13]. 3anpornoHoBaHO METO /I BU3HAUYCHHS
BUPOOU CHanaxyloTh 1 pyHHYIOTbCA 3 BAHMKHEH-  KPUTHYHHX Jiara3oHiB 3MiHHM IIBUIKOCTI TOPiH-
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HS 3a3HAYECHUX CyMiIIEH B yMOBax ITiJBHILEHHUX
temrrepatyp HarpiBy (mo 600...700 K) i 30BHImII-
mix THckiB (1o 10" [Ta) [14-16]. ChopmyasoBaHO
MPaKTUYIHI PEeKOMEHamii 3 BUKOPHUCTAHHS PO3-
pOOJICHNX METOAIB y MipOTEXHIYHOMY BHPOO-
HULTBI BUPOOIB Ha OCHOBI 3a3HAYCHUX CyMilleH
Ta TpH X eKCIuTyaTarlii, o AO03BOJISIOTh 3HIKY-
BaTH BipOTiIHICTH MOXEKOHEOE3NEUHUX PYHHY-
BaHb BUPOOIB TIPH HAsBHOCTI EKCTpEMalIbHUX
TepMigHnX BIumBiB [16-18]. Iomo mocmimkyBa-
HUX MIPOTEXHIYHUX METATIOOKCUIHUX BHPOOIB,
TO HUHI 3a3HaYCHI METOIM IS HUX BiJICYyTHI.

Meta Ta 3apaui gocaixkenb. Mema po-
b6omu: po3poOKa METOJMKHA BU3HAYCHHS 3HAYCHB
XapaKTEePUCTHK TEPMIUYHHUX BIUIMBIB Ta KepoBa-
HUX TEXHOJOTIYHMX MNapaMmeTpiB 3apsaiB CyMi-
nieH, o MpU3BOAATh A0 NMEPEAYACHOTO 3aiiMaH-
HSl Ta BUOYXOBOTO PO3BUTKY TOpPiHHS MipOTEXHi-
YHUX CyMilllel 3 TOPOILKiB MarHilo, aJIOMIiHIIO Ta
OKCHJIIB METaNiB, Ta, y KIHIIEBOMY MiJCYMKY, 10
MOXKEKOHEOE3MEYHOr0 PyIHHYBaHHS BUPOOiB.

3agauyamMu JOCIIIKEHb €:

— cdopMyBaTH MpPOTPaMHHI KOMIUIEKC, IO
JO3BOJIIE  BUPIIIYBaTH THIIOBI  1H)XXEHEPHO-
TEXHOJIOTIUHI 3af7[adi TOXEXHOI Oe3MeKn Pi3HUX
MiPOTEXHIYHHUX CyMIillIeH;

— PO3pOOHUTH aNrOPUTM NPAKTUYHOTO BHKOPHC-
TaHHS METOJIUKH;

— OI[IHUTH TIJABHUIICHHS TOXEKHOI O3MEKH TpU
BUKOPHUCTAHHI METOTUKH.

Buxnan ocHoBHOro marepiaiy. B ocHOBY
METOIMKH TOKJIAJICHO po3pobiieHi pawirire [18, 19]
MaTeMaTUyHi Ta eKCIIePHUMEHTAIbHO-CTaTUCTUYHI
MOJIEIIi, @ TAKOXK CTaHJAPTHE CIEIiaTi30BaHe MPo-
rpaMHe 3a0e3MeueHHs Y BUTIISIl YOTUPHOX MaKe-
tiB npuknagaux nporpam [TAKET1 — ITTAKET4 3a
CY4YaCHUMH YMCEIbHUMU METOJAMH, BUKOPHCTO-
BYIOUH sIKi, (popMyeThcs 6a3a NaHWX MO KPUTHY-
HUX 3HAYCHHSX, NICPECBUIICHHS SKUX TPH3BOAUTH
JI0 TIEPEeAYacHOTO PO3BUTKY BHOYXOBOT'O TOpiHH,
BEJIMYMH TEIUIOBHUX ITOTOKIB Ta 4aciB X 1ii, a Ta-
KOK TEXHOJIOTIYHMX Tapamerpax 3apsiiiB (cIiB-
BIJTHOIICHHSIX KOMIIOHEHTIB Ta iX JHUCHEpPCHOCTI,
koe(illieHTaX YIIIIBHEHHS! CyMilllel, reoMeTpry-
HHX po3Mipax BUPOOiB).

Kowmmekc mopeneit. Ha pucynky 1 30-
OpakeHO KOMILJIEKC pO3POOJICHMX MaTeMaTHIHHX
Ta EKCIICPUMEHTAIFHO-CTATUCTUYHUX MOJIEIIeH
[18, 19], po3paxyHKH 3a SIKHMH JO3BOJISIOTH
chopmymroBaTi 0a3y MaHWX, Ha OCHOBI SIKOT M
0yJ10 pO3p0O0IICHO 3a3HAYCHY BUIIC METOIUKY.

CrenianizoBaHuil MPOrpaMHUN KOMILIEKC.
Jlns mpoBenieHHsT pO3paxyHKiB 32 MOJEISAMH BH-
KOPUCTOBYBAaBCSl CIELiaNi30BaHUN MPOTrpaMHHUIA
xomrutekce CIIK, mo MicTHTh CTaHAApTHI MaKeTH
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npuknagaux nporpam  (IIIIIT) TTIAKETI1
ITAKET4 3 oCHOBHHX METOJiB PO3B’s3aHHS 00-
YHUCIIIOBAILHHX 337124 (PUCYHOK 2).

IIporpamMHuii KOMILUTEKC CKIAJAETHCS 3 HO-
THpHOX cnermiamizoBanux [IIII, mo MicTITh
80 mporpamMHUX MOIYJIB 3 Cy4YacHHUX YHCEIbHUX
METOJIIB PO3B’S3aHHSA JHIMHMX 1 HETIHIHHAX,
OJMHUYHHX 1 CHCTEM anreOpaidyHuX Ta TpaHCIeH-
JCHTHUX PiBHSHB, OAMHUYHUX i CUCTEM 3BHUYAM-
HUX TudepeHiaIbHuX PIBHAHD 1-TO MOPAOKY i
2-T0 TOPSAKY, TUQepeHialbHIX PIBHSHD Y YacT-
KOBHX TIOXITHUX 2-TO TOPSAKY, KpalloBHX 3amad
JUIs 3BUYAHMX 1 AudepeHlialbHuX piBHSHb Y
YaCTKOBHX TMOXIJHUX 2-TO MOPSJIKY, IHTETpaib-
HUX piBHAHb BombTepa Il pomy, a Takox MeTOmiB
YHCENBHOTO 1HTErpyBaHHA (QYHKIiH, perpeciiiHo-
TO aHami3y, IHTepHoJALil i CTATUCTHIHOI 00p0O-
KM eKCIIEPUMEHTAIbHUX JaHuX. EQeKTHBHICTH
3a3navyenux [1I1I1 Oyno BcTaHOBIEHO B pe3yiib-
TaTi MPOBEICHHS IIUPOKUX YUCEIBHUX EKCIIEPH-
MEHTIB (y AiaJOrOBOMY peXHMi OYyJ0 BUPILICHO
oimpme 300 iHXKEHEpPHO-TEXHOJOTIYHUX 3ajad,
BIIACTHBHX TIPOIECAaM TOPIHHS MipPOTEXHIYHUX
cyMinient).

AJITOpUTM _IPaKTUYHOTO _BHUKOPUCTAHHSA
METOAMKHU. 3TiTHO 3 PO3pOOJECHUM aITOPUTMOM
(pucyHOK 3) Ha MEpHIOMY €Tami CTBOPIOETHCS
BUXiZlHa 0a3a JaHWX, SKa MICTHTh NapaMeTpu
30BHIILIHIX TepMoill (IyCTHHA TEMIOBOro MOTO-
KY Qp, 9ac 1oro aii t, mBHUAKICTH 00AYBY MOTOKOM
noBiTpst V, kputepiii PeitHonmbaca Re, temmepa-
Typa HarpiBy 7o Ta THCK P, IpH SIKUX TTOYNHAETh-
sl TOpiHHA 3apsAAiB CyMilleil), TEXHOIOTIYHI Xa-
PaKTEepUCTUKH 3apsAAiB cyMillel (mpupoja OKHC-
HIOBa4a Ta METaJeBOr0 NaJbHOTO, BiAHOCHUI
BMIiCT METAJICBOTO MAIBHOTO ¢, Y CyMIllli, CEpe.I-
Hii PO3MiIp YaCTHMHOK MOPOLIKY METaJeBOro
najnpHOro d, Ta MOpOlIKYy OKMCHIOBada d,.), Me-
XaHIYHI Ta TeIIO(i3uUHI NapaMeTpu 3apsaiB
cymimred (reomeTpuyHa GopMa Ta po3MipH, TycC-
THHA, TETUIOEMHICTh Ta KOS(IIIEHT TETIONPOBII-
HOCTIi), OTpUMaHNU{ KOMIUIEKC MaTEMaTHIHHUX Ta
eKCIEepPUMEHTATbHO-CTATHCTHYHHX MoJIeIeH,
naketn npukiagHux nporpam ITAKETI1
ITAKET4, o Bxoasats y CIIK, 3 MeToro mpoge-
neHHst pospaxyHkiB Ha IIK. Ha mpyromy erami
BBOIATHCS 3HAUCHHs 7, (TeMmeparypa MOBEpXHi
3apsamy cymimi) Ta 7, (Temmeparypa 3aiiMaHHS
METAaJIeBOT0 MaJbHOTO Y IPOIYKTaX PO3KJIAAaHHSI
OKHCHIOBaYa), pH nepesuiieHHi skux (7, > T,),
IO BIAMOBiJa€ KPUTHYHUM 30BHILIHIM TepMiy-
HUM BIUMBaM (g, > q:;, t>t, V>V, Re>Re),
BiIOYBAEThCS TPHUCKOPEHHS CaMOPO3IrpiBaHHSA
cyMilleH, mepequacHe ix 3aiiMaHHS Ta PO3BUTOK
BuOyxoBoro ropinnsa. IlotiMm BuOHpaeTsCs MO-
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JeNlb 30BHIIIHIX TEPMiYHUX BIUIUBIB Ha 3apsj
cymimri, BukopuctoByrouu I1I1I1, po3paxoByroTh-
csl 3Ha4YeHHs mapameTpa 7,, Jalli BOHU MOPiBHIO-
IOTBCS 3 IX TPAaHMYHWUMH 3HAUYEHHSIMH 1 3HaXO-
ISIThCS KPUTHYHI 3HAYEHHS q:, t', V' 1a Re’, mpu
SIKUX BUpOOU pyiHYyIOTbCA. [IpoBoasThcs BUMI-
PIOBaHHS TeMIlepaTypHu HOBEpXHi 7, TEIIOBOTO
MOTOKY (,, IBHAKOCTI 00myBYy V Ta KpuTepiio
PeitHonpaca Re B okpemmx Toukax 3apsmy. Pe-
3yJABTATH BUMIPIOBAHD 3iCTaBJISIOTHCS 3 PE3Yilhb-
TaTaMu PO3PaxyHKiB Ta BU3HAYAIOTHCS TIOMIJIKU
PO3paxyHKOBHX METOJIB 3HAXOMKEHHS KPUTHY-
HHUX ITapaMeTpiB q:, t", V' ta Re’. SIkuio BusiBeHO
icrotai po36ixkuocTi (6inpmre 10...12 %), 3mitic-
HIOETBCS KOpUTYBaHHS Mozeneil. Ha Tperromy
eTari, KO BUPIO 3aUIIAEThCS Y Tpale3aTHO-
MY CTaHi y )KOPCTKHX YyMOBaX eKCIUTyaTallii, ToO-
TO He BiIOYNHCH MeperpiB KOPITyCy Ta mepemdac-
HE CIpalbOBYBaHHS 3apsAy CyMimn, BiICyTHI
JoKakHE a00 TIOBHE pPYyWHYBAHHS, BBOISATHCS
3HA4YCHHS TeMIlepaTypu 3aiiMaHHs 7T,, 4acy 3ro-
PSHHSI YaCTHHOK METaJIeBOrO MajbHOTO 7,, IIIBH-
JIKOCTI TOpiHHA cyMimiedl U Ta iX rpaHWYHI 3Ha-
aenns (7, T:, uzg) (BUAKICTH TOPIHHSA Ha

M BMI

BEPXHIl KOHIICHTPAIlIiHIH MeXi, MePeBUINCHHS
SKOi BelIe J0 BHUOYXOBOI'O PO3BHUTKY IIPOIIECY

. * . . [
TropiHHs), Uy  (LIBHIKICTH TOPIHHS HA HIKHIHA
M HMI

KOHIICHTPAIIMHINA MeXi, IePEBUIIICHHS SKOT PH3-
BOJIUTH 1O 3aTyXaHHs mpouecy ropinas). [lami
BHOHMPAETHCSI MaTeMaTHIHa a00 eKCTIepUMEHTAIb-
HO-CTATHCTUYHA MOJIENb T4, BHKOPUCTOBYIOUH
[IIIII, mpoBOAUTHCS PO3PAXyHOK T,, I; U Mpu
3aJlaHUX 3HAYEHHSAX KEePOBAHMX IMapameTpiB (&,
d,, dox, To, P), TiCIIA 4OTO 3HAYEHHS ITapaMeTpiB
3ICTaBJISAIOTLCS 3 1X TPaHUYHUMH 3HAYCHHSMU
(mepeBipka BHKOHAHHA yMOB: 7, < 7,, T, < T;,
u< u?{) , u> u?{) ). Slkmo 3a3HaveHi yMOBH

" BMI M HMI

HE BHKOHYIOTHCS, IPOBOJHUTHCS KOPHUTYBaHHSI
3HAYCHb KEPOBAHMX TApaMeTPiB 1 BU3HAYAIOTHCS
KpUTHYHI Jiama3oHu ix 3minu: &, < (&.)amr
o> (S, dy < d (@60 d, > d3), doe <
(a6o d,> d.,), To> Ty (a6o To< Tp), P > P (abo
P<P"). HacTynHUMH KPOKaMH € HpPOBEICHHS
BUOIPKOBMX BUMIpIOBaHb TEMIIEpaTypu 3aiiMaH-
HS Ta 4acy TOPiHHSA, IBHIKOCTI TOPIHHS, 31CTaB-
JIeHHS 3 X pO3paXyHKOBUMH 3HAYCHHSIMH, 1 BH-
3HAYeHHS TOXHOKH PO3PaXyHKOBUX METOIIB
3HAXOJKCHHS KPUTHUYHUX Jialla30HIB 3MiHU Ke-
poBanux mapameTpiB. KopuryBaHHs Mojenei
MPOBOJIUTLCS Y Pa3i BUSIBIICHHS 3HAYHUX PO30i-
KHOCTEH MK PO3PaXyHKOBHMHU Ta €KCIEPHUMEH-
TanpHIMH JaHuMH (Oimbire 10...12 %).

MaremaTu4Hi Ta eKCIePUMEHTAJbLHO-CTATHCTHYHI MoaeJIi

npoueciB 30BHILIHIX

> TepMOBILJIMBIiB HA MNOBEPXHIO
BUPOOIB npw ix 30epiranHi,

TPAHCHOPTYBAaHHI Ta 3acTOCYyBaHHI

MaremaTu4Hi Mojei 171 po3paxyHKy

Po3paxyHOK KpUTHYHHMX 3HAYEHb
30BHIlIHIX TENJIOBUX MOTOKIB,
IBUAKOCTEH 001yBY NOTOKOM
MOBITP# TA YaciB iX BIUIUBY Ha

MOBEPXHIO BUPOOiB, MepeBUIIIeHHS

SIKMX MPHU3BOAUTH J10 iX

ExcnepuMeHTAaIbHO-CTATHCTHYHI
Mol VISl PpO3PaXyHKY BILIMBY
Po3Mipy YaCTHHOK MeTaJly, BMiCTy

N KHCHIO B IIOTOILi

TeMIlepaTypy cnajaxyBaHHs Ta
Yac ropiHHsl YaCTHHOK METAJIeBOr0
najJibHOro

ra3onofiOHMX NPOAYKTIB PO3KJIAJAHHSA
OKHCHIOBAYiB Ta 30BHIIIHHOT0 THCKY HA

MoKesKOHede3NeYHNX pyiiHyBaHb

Po3paxyHOK MOKJIMBHUX 3MiH
TeMIepaTyp cnajaxyBaHHs Ta
yaciB ropinHst
™ YACTHHOK MeTaJIeBOro MajbHOI0
JJIS1 Pi3HUX cNiBBiAHOLIEHb
Ta JUCIEPCHOCTi KOMIIOHEHTIB,
3HaYeHb 30BHIlLIHHOI0 THCKY

ExcnepuMeHTaIbHO-CTATHCTHYHI
MoJeJIi ISl pPO3PaXyHKY
BILUTUBY CHiBBiJHOLIEHHSI
Ly KOMIIOHEHTIB Ta iX JUCHEPCHOCTI,
Pi3HUX TeMIlepaTyp HArpiBy
Ta 30BHIIIHIX THCKIB HA IIBUAKICTH
PO3BUTKY mpoliecy ropinasi cymimeit

Po3paxyHok MOKIHBHX 3MiH
IIBU/KOCTEH PO3BUTKY Npouecy
ropiHHA cyMmileil npu
BHKOPHUCTOBYBAHHX Y
MipoTeXHiYHOMY BUPOOHHUTBI
3HAYEHHAX
CIiBBiTHOIIEHHSI TA TUCIEPCHOCTI
KOMIIOHEHTIB JJIsl

>

Pi3HHX 3HaYeHb TeMIepaTyp
HarpiBy Ta 30BHIlIHIX THCKIB

Pucynox 1 — Kommiekc po3po0/eHHX MaTeMAaTHYHHX Ta €KCHEPHMEHTAJILHO-CTATHCTHYHHX MoJenei

AJs hopMyBaHHs 0a3u JaHUX
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CIIK 0iB, OCHOBOIO SIKHX € CyMillli 3 MOPOIIKIB Mar-

| I I | HiIO, ATIOMIHIIO Ta OKCHAIB METajiB, GopMyBaTH
[MAKETYHAKET2IAKET3[IAKET4] B aBTOMAaTHU30BaHOMY peXuMi 0a3y JaHUX [0
Pucynok 2 — Ckaaj cnenia/ii3oBaHoro NporpaMHoOro  KpuTUYHMX 3HAYEHHAX NAPAMETPIB TEPMiUHHX
kommexcy (CIIK) Jil, MEpEBUIIEHHS AKUX IPU3BOIUTH IO Mepel-

YacHOTO 3aliMaHHs 3apsiB CyMilleH, MpHcKope-
HOTO PO3BHUTKY iX TOPIHHS Ta 3PEITOI0 10 BUOY-
XO0HeOe3MevyHOro pyiHyBaHHS BUPOOiB.

Ha 3aBepieHHs Crix Bi3HAYUTH, IO PO3-
pobJieHa HayKOBO OOTPYHTOBaHAa METOIWKA Ja€
MOYJIUBICTD TPU PO3POOII MIPOTEXHIYHUX BUPO-

BBenenHs napamerpa, 1o /

BU3HAYA€ TEILIOBi & BBeaeHHs BXiTHUX JaHUX ITouyarok

BJIACTHBOCTI CyMmimmeii A={A};B={B};C={C}
B YMOBaX TepMi4HHX
BILIMBIB: T, %
v " Tlo0ynoBa eKCIEpHMEHTAIBHO-
IMoGynoBa MaTeMaTHYHUX MOeJIei CTATHCTHYHHMX MOJIeJIei rop iHus
30BHILIHIX TePMiYHNX BIUIMBIB Ha L . .
TIOBEPXHIO 3apsUTiB CyMilueii: cymimeii B ymoBax miasuiienux 7, ta P:
T =f.(A O T, = (A, By T=H(A, B); u=Tf,(A B)
) v
Po3paxyHok napamerpa Po3paxyHok napamerpis
T, T, T, u
v v
BuzHaueHHsI TPAHMYHUX 3HAYEHb BusnaueHHs rPAaHIIHNX 3HAYEHB
napamerpa T, =T, napamerpis t,=t; T, = T;;
u=uvug u;
: (U, Y,
Hi Po3paxyHkoBi 3HAYEeHHS ¢
napamerpa T, BianoBizawrp .
P . €rpa 1, BUNOBIAAI0 . Po3paxyHkoBi 3HaYeHHs
ymosi: T, > T, Hi napaMeTpiB BianoBixawore ix
Tak y TPAHUYHUM 3HAYEHHSM ?
BusHaueHHs] KpUTHYHHX 3HAY€Hb T
. . . . aK,
napaMeTpiB 30BHIlIHIX TePMOBILINBIB v
G Tn, V', RE BuzHaueHHs] KpUTHYHHX Jiana3oHiB
v 3MiHM KepOBaHHUX NapaMeTpiB:
BumiproBaHHsI MOTOYHHX Cu >(C.»§)I}M[‘; Cu i(C).w)HMf‘; d'k >d, (d"l <d,);
napaMeTpiB TepMOBILIMBIB d,>d,(d,<d,); T,> T,(T,< T, );
T.0,.V, Re P>P(P<P)
v oy .
ToTouni napameTpu 30BHimHix BuoipkoBi BUMipioBaHHsi napameTpiB
P . Hi
TepPMOBILIMBIB BilnoBinawTs T, T, u
pospaxyHkoBuMm: q, = Q.. T, = T,/ v
V=V, Re=Re Bumipsini 3HaueHHs1 mapaMeTpiB \_Hj
T3K¢ BiINOBi1a10TH PO3PaXyHKOBHM:
Beenenns napameTpis, 10 =1, T,=T/,u=u"
BU3HAYAIOTH I0Ke:KOHeOe3MeuHi
BJACTHBOCTI cyMmilleii B yMoBax Tax
ekciuryarauii: 7,, 7, U
v v
3aificHIo€TBCS 3MiHa é) v | | 3nilicHIoeTBCH BuzHaueHHs BeTMYHHH
napamerpis: Bu3HaueHHs! BeiHyuHHM | | 3MiHA HeBiAMOBIHOCTI.
0. =0, *Aq,; BiTHOCHOT MOXUOKM. napamMerpiB: Kopexuis Mogeeii.
T,.=T,*AT,; YT1ounenns moaeJieii T,=T.* At,;
V,=V*AV; T,=T:*AT;
= +
Re, = Re *ARe U, =usAu

PucyHok 3 — AJropurM BH3HAYeHHs] KPUTHYHHMX 3HAYeHb MNapaMeTpiB 30BHIlIHIX TepMiuyHuX [iii
(Tem10BMX MOTOKIB Ta 4yaciB ix 1ii, mBHAKOCTel 00AyBY MOTOKOM MOBITPsA Ta KpurtepiiB Peiinobaca)
HAa mipoTexHiYHi BUpPoOM 3 3apsigamMu cyMilueil, 10 J03BOJISIE€ TOMNepeI:KATH MOXJINBI NepexyacHi
ix CNPalbOBYBAHHSA Ta MOsKeKOHeOe3neuHi pyiHYBaHHS y npoueci eKciJiyaramii:
A — mnapaMerpu 30BHIlIHiX TepMiuHHUX [iii; B — KepoBaHi TeXHOJIOTIYHI mNapaMeTpu cyMmilueii;
C — mexaHiuHi, Temogiznuni Ta ¢pizuko-xiMiuHi xapakTepucTHKHU 3apsaaiB cymimeit
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Pesynabratn nmocaimkennb. Jlns 3amo0i-
TaHHs 3aliiMaHHS Ta MMOJAJBIIOTO IOKEKOHEOe3-
MEYHOI'0 PYHHYBaHHS MiPOTEXHIYHUX BUPOOIB 3
3apsaamMul  TOCTiKYBaHUX CyMimieil B yMoBax
30BHINTHHOTO TEPMIYHOTO BIUTMBY HEOOXITHHM €
3ano0iraHHsl yTBOPEHHIO Yy TOPIOYOMY Cepelo-
BHIIlI OCEPEAKIB E€K30TePMIYHOTO OKHCHEHHS
YaCTUHOK MarHil0 Ta aOMIiHII0 B MPOIYKTax
po3knamaHHs okcuaiB MetaniB. OcraHHE 3a0€3-
MIEYYETHCA 3HIKEHHSM TOPIOYOCTI CyMimieH, 1o
JOCSITAEThCsS IIUIIXOM BapilOBaHHS 1X TEXHOJIOTid-
HUX TapaMeTpiB (CIiBBIIHOIIEHHS Ta IUCIEpC-
HOCTI KOMIIOHEHTIB, Koe(illieHTa YIIiJIbHEHHS,
po3mipiB 3apsiy) [20].

Jis oIiHKYM PiBHS MOXKEXHOI Oe3nmeKu BH-
poOiB B yMOBax 30BHILIHBOI TepMiyHOI Aii (AMB.
JACTY 8829:2019 m. 3. PozpaxyHOK BipOTiTHOCTI
MOSIBY JDKEpena 3anairoBaHHs (iHILIFOBaHHS TO-
pinHs Ta BUOYXy [4])) po3paxoByeTbcsi Biporij-
HicTh W TIOSIBY [Kepena 3alaioBaHHs Y MipoTeX-
HiYHOMY BUpOOI, sSIKe MPHU3BOJAMUTH JI0 Tepeavac-
HOTO TOPIHHA 3apAqy cyMimn BupoOy. BpaxoBy-
€THCSI, M0 TPU EKCIDTyaTallil mipOoTeXHIYHUX BHU-
pOOIB HEMOKIUBO TMependaYuTH YMOBH BHHHUK-
HEHHS 30BHIIHIX TEPMIYHHUX i Ha iX MOBEpX-
HIO, SIKI MOXKYTh TPU3BECTU JO TOSIBH Y 3apsii
CyMiIliell oCepeIKiB eK30TepMIYHOTO OKHCHEHHS
YaCTHHOK METally B TIPOAYKTAaX pPO3KIaIaHHI
okcuaip MeramiB. Tomy 3rimmo 3 JCTY
8829:2019 [4] nnst po3paxynky W BHKOPHCTOBY-
€TBCSI BUPA3

W=1-¢7, (1)

ne t — yac 30epiranHs (TpaHCIOPTYBaHHs) Mipo-
TEXHIYHOTO BHPOOY, TOH, T = 3,03-104-E(1)’2 -
cepenHii gac 30epiranfs (TpaHCIOPTYBAaHHS) 10
NOSIBH JDKepena 3amajiioBaHHs, rol, Ey, — MiHi-
MajbHa SHEpPTis 3alaOBaHHS CyMiIi (YTBOpEH-
HSl OCEpEJIKiB EK30TEPMIYHOTO OKHCHEHH), JIK.
Benmnunnay E, MOKHa BH3HAUWTH SK MiHIMAIBHY
eHeprio, HeoOXiaHy Iyl HarpiBy o0’eMy peak-
1iitHO1 30HU K-(a3u 3apsily BiAg MOYaTKOBOI TEM-
neparypu (7o, K) mo Temmeparypm 3aliMaHHS
YaCTUHOK METAJEBOr0 MAJBHOIO Yy MPOLYKTax
poskmaganHs okcuniB meranis (75, K) B ymoBax
30BHIIIHLOTO TepMOBILTHBY [18]:

Eozpc Ce 'VC '(T3'TO)’ (2)

He p,, ¢, — TYCTHHA (kr/m®) Ta IMTOMA TEIIOEM-
Hicth ([bx/xr-K) cymimti; V., — 00’em peakiiiHoi
30HU K-(a3u cyMilli, B sIKil BiiOyBaeThCs Tep-
MiYHE PO3KIIQJaHHSI OKCHUIY METaly, OKHCHEHHS
Ta crajaxyBaHHS YaCTUHOK METaJeBOTO Mallb-
HOTO, M.
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Ockinbku 3apsin Mae giameTp d Ta Bucoty h,
a TOBIIMHA peaKIiiHOl 30HU K-()a3u CTaHOBUTH O,
y TiepuioMy HaOJIMKEHHI MOXKHA BBakatH [19]

V~0,57d-h-d. 3
[TincraBnsroun (3) y (2), oTpuMyeMO
Eg=p,-c.0,57dN-0(T,-Tp). (4)

Jnsa 3HaxomxeHHs T, CKOpUCTAeEMOCS pe-
3y/lbTaTaMu, OTpUMaHuMH y poborax [19, 20].
Jlisi BUKOpUCTaHHS WX JaHUX BPaxOBaHO, IO
npu temneparypax 7,, sKi BIANOBIIAIOTh peak-
HiiHii 30Hi k-dasu (7, = 1400...1800 K) nocni-
JOKYBaHI OKHCHIOBAdYl PO3KIIANAIOTHCS 3TiTHO 3
peakitismu [18, 19]:

2CuO — 2Cu + Oy, (5)
2Cu,0 — 4Cu + O, (6)
28b203 — 4Sb + 302, (7)

2NiO — 2Ni + O,. (8)
ModnekynapHi MacH XiMiYHUX €JIEMEHTIB,
o BXoaaTh y (5)—(8): uc o = 79,94, 1, = 63,54,
Ho, = 32, Heyo = 143,08, Hsb,0, = 291,52,
Mop = 121,76, g0 = 7471, p; =58,71. Tomi
BigHOCHI MacoBi BMicTh O, y IpOAYKTaX po3KJia-
nanns okucHioBauie: Co, =~ 0,11 (okucHroBau
Sb,03); Cp, = 0,14  (oxuchioBad  Cuy0);
Co, = 0,21 (okucuioBau NiO); Co, ~ 0,25 (oxu-
cutoBay CuQ). BpaxoByoun Takox, 110 PO3IJIs-
Ja€ThCs TIOYATKOBHUN MEpios 3aiiMaHHs YaCTHHOK
MardHiro Ta  amioMiHif0  (30BHINIHIA  THCK
P =10°T1la), orpuMyeMo, 0 Ha BeauduHy 7,
HallCWJIbHILIE BIUIMBAE TUCIEPCHICTH MOPOILKY
METaJIeBOTO NabHOTO (pUCYHKH 4, 5). BigHocHa
noxuOKa JUIs KpUBUX, IO aPOKCHUMYIOTh €KCIie-
pUMEHTaIBHI TaHi, CTaHOBUTE 5...7 %.
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Pucynox 4 — 3anexnocri Temneparypu 7, Bix ce-
PeIHBOr0 Po3Mipy 4acTHMHOK nopoky MarHiio Ta
npupoau oxucHwBaya (P = 10° Ila): 1 — cymim
Mg + Sb,Os; 2 — cymimt Mg + Cu,O; 3 — cymim
Mg + NiO; 4 — cymim Mg + CuO
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Pucynok 5 — 3anexunocri temnepatrypu 7, Bin ce-
PeAHBOr0 PoO3Mipy YACTHMHOK MOPOUIKY AJIOMiHiI0
Ta npupoan oxucHiosaua (P = 10° Ia): 1 — cymim
Al + Sb,03; 2 — cymim Al + Cu,0; 3 — cymim
Al + NiO; 4 — cymim Al + CuO

OOroBopeHHsi pe3yJbTaTiB. 3 pe3yibTa-
TiB, 300paXCHUX HA PUCYHKaX 4, 5, BUITLTUBAE, 110
JUIS JTOCITDKYBaHUX Jiala30HIB 3MIHUA CEpeIHIX
PO3MipiB YaCTHHOK MOPOIIKY METAJIECBOTO MaJlb-
moro (d, = 56...305 MKM — I8 Margiro Ta
d, =4...310 MKM — 1JIs1 aJTIOMIiHiI0) 301iIbIICHHS
d,, mpU3BOAMTE 10 3MEHIIEHHS T, U CyMimei
MarHii + okcuam MmeramiB — y 1,3...1,5 pa3sy;
JUIS CyMilllell aqloMiHii + OKCHAH METaNiB — Y
1,4...1,6 pa3y. lle mosicHIO€EThCS THUM, MmO 31
36ibIIeHHAM ,, 3HAYHO 3pOCTAE IIIOINA MOBEPXHI
(~d§,), Ha AKill BimOyBalOThCSl TETEPOTeHHI €K30-
TepMIiYHI peakiii OKUCHEHHS, IO IPHU3BOJIUTH
JI0 3aiiMaHHS YaCTHUHOK IPH OLIbII HU3BKUX T,
BHACJIIJIOK IIBUAKOIO iX HAarpiBy. 3amiHa KHCHe-
BMICHOTO OKHCHIOBaYa Ha OKWCHIOBAY, IPH Tep-
MIYHOMY PO3KJIaJIaHHi SKOTO BMICT KHCHIO 3MCH-
myetses (Hanpukiaz, npu 3amidi CuO wa Cu,O
3uauenHs Co, 3MeHIIyOThCA Y 2,3 pasy), npus-
BOAUTH 10 30inmpiuenns 7, y 1,3...1,4 pasy (aus.

pucynku 4, 5). TakuM YMHOM, BHKOPHCTaHHS
IpiOHOAMCTIEPCHUX TOPOIIKIB MarHifo Ta aio-
MiHIIO, a TaKOK OKCHIIB METajiB 31 3MEHIIEHUM
BMICTOM KHCHIO Y iX MPOJYKTax PO3KJIaJaHHS
Ha CcTajii BUTOTOBIICHHS 3apsiiiB JOCTiIKyBa-
HUX CyMIiIllel JO3BOJIUTh 3MCHIIUTHY TIepeIuacHe
IHIIIIIOBAHHS 3apsIiB CYMIIle B yMOBaxX 30BHIIII-
HBOTO TEPMOBIUIMBY, TOOTO MiJBHUIIUTH MMOXKEXK-
Hy 0€3IeKy MipOTeXHITYHIX BUPOOIB.

JInst KITBEKICHOI OLIHKM CKAa3aHOIO BHIIE
po3paxyemo BiporimHicTe W iHIIIIIOBaHHS 3apsTy
JOCITIKYBAHOI CYMIIII TP TEPMIYHOMY BILUIHBI,
TOOTO BipOTiAHICTH MOXKEKOHEOE3NMEUHOTO PYii-
HYBaHHS MPOTEXHIYHUX BUPOOIB.

PospaxoByroun 3a (popmynamu (1)-(4) ta
BHKOPHUCTOBYIOUHM JaHi, 300pakeHI Ha PHUCYH-
Kax 4, 5 Ha TPUKIAAI YOTHPHOX CTEXiOMETPHUY-
HUX 3apsniB cymimen (tabmuus 1), 3 ypaxyBaH-
HaM Bigomux gaHux (7p = 293 K; P = 10° Ila;
h=310% m; d = 2107 m; 6 = 10°...10° w;
t =8,76-10° rox [18]), oTpumyemo, o Biporia-
HicTh W 3i 30is1bIIeHHAM d,, CYTTEBO 301MTBIIYETh-
cs1 (pucyHku 6, 7): mias Bupody 1 — y 4,1 pasy;
U1t BUPOOY 2 — y 3,5 pasy; mis BupoOy 3 — y
2,8 pazy; nist BupoOy 4 —y 2,2 pasy.

TakuM YMHOM, NUISAXOM 3MiHU JIUCIIEPC-
HOCTI TIOPOINKIB METaJIeBOr0 MajIbHOTO, IO BH-
KOPHCTOBYIOTBCS B 3apsyiax  JOCHIJIKYBaHUX
CyMillle#, MOXKHA IIiJIBUIyBaTH TMOXEKHY 0e€3-
MeKy MipOTeXHIYHMX BUPOOIB Ha iX OCHOBI B
yMOBaX 30BHINIHIX TEPMIYHUX BIUIMBIB OinbIe,
HDK y 2...3 pasm.

KpiM 11poro, 3aMiHIOIOYM OJUH OKCHJ| Me-
TaJy Ha IHIIWH, 0 Ma€ MCHIIUI BMICT BUTLHOTO
kucHIO (Hampukiaa, 3amina CuO nHa Cu,0), ta-
KOX MOYKHA TTiIBUIIIUTH TIOXKEXHY O€3IeKy Imipo-
TeXHIYHUX BUpoOiB y 1,5...1,8 pasy.

Tabmuus 1 — Ilepenik cepiiiHUX MipOTeXHiYHMX BHPOOIB 3 AOCTIIKYBAHUMH 3apsiiaMH
cymilueii, 1yis1 AKX po3paxoByBasack Biporignicts W 3rigno 3 ICTY 8829:2019 [4]

No Cknan | BigHocHM MacoBuit
5 /;[ [TpusHaueHHs 3apsay | BMICT KOMIIOHCHTIB
cymimmi y cymimi, %
1 [MipoTexHiuHi cnanaxysadi Mg 21
JUTSL OCBITUIIOBAJILHUX MATPOHIB Ta CHAPSIIB CuO 79
[TiporexniuHi cianaxysadi Mg 31
2 ;
JIUIS CHTHAJILHHX 3aC001B Cu,O 69
[MipoTexHiuHi cnanaxysadi Al 27
3 o
JUIs TpacepiB 0170ro BOTHIO CuO 73
4 IlipoTexHiuHi 3amaatoBaIbHI BUPOOH Al 5
P P Cu,0 25
Ipumitka. TexHosoriuni mapamerpu 3apsaie cymimei: Ky = 0,95...0,96; d, = 54...310 wmkwm;

d,. = 30...50 mxm; h = 3-102...4-10% m; d = 1,5-10...2-10° m
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Pucynok 6 — 3anexnicTs BitHocHoi BiporizHocti W
—_ W *
(W_ WT’ ae WMg
Mg

MiHIMAJBbHOTO PpPO3Mipy YACTHHOK MOPOIIKiB
MArHiI0 3 BUKOPHCTOBYBAHUX HA NMPaKTULi Jiama-
30HiB ioro 3minu [18, 19]) no:xe:koHebGe3me4HOrO
pyiiHyBaHHSl MipoTeXHiYHMX BHPOOIB Ha OCHOBI
cymimeii MarHiii + okcuaM MeTaliB Big aucnepc-
HOCTi MOPOLIKY MeTAJIEBOT0 MaJIbHOro: 1 — BUpoOH
Ha ocHOBi cymimeii Mg + CuO; 2 — BupoOu Ha
ocHoBi cymimeii Mg + Cu,0 (auB. Tadauiio 1)
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Pucynok 7 — 3anexHicTh BilHOCHOI BiporigHocTi W
\ A / W * . . . . .
(W= W e W, — 3HadeHHs1 BiporinHocTi aist Mini-

Al

MAaJILHOTO PO3Mipy YaCTMHOK MOPOIIKIB AJIOMiHiI0
3 BHKOPHCTOBYBAHHX Ha NPaKTHIi Jiana3oHiB
Woro 3minu [18, 19]) noxke:xoHeOe3NEeYHOro pyifHy-
BaHHS MiPOTeXHiYHMX BUPOOIB HA OCHOBI cymimnei
aqwMiHiii + okcuaM MeTaNiB Big JAUCHEPCHOCTI
MOPOIIKY MeTaJeBOr0 MaJLHOro. 3 — BHPOOM Ha
ocHoBi cymimeit Al + CuO; 4 — BupoOu Ha OCHOBI
cymimreii Al + Cu,O (auB. Taéaumio 1)
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BucHoBku:

1. ChopmoBaHO cHeriamizoBaHUN TIPO-
TpaMHHH KOMILIEKC, IO JJO3BOJISIE B aBTOMATH30-
BaHOMY PEXUMI BHPIIITYBaTH THUIIOBI iH)KEHEPHO-
TEXHOJIOTIUHI 3a/1a4i MOXEXKHOi Oe3MeKn pi3HuX
MiPOTEXHIYHUX CyMillIeH.

2. Po3po0sieHO0 HOBY HAyKOBO OOIpyHTOBA-
HY METOJIUKY, 1110 0a3y€eThCSl HA OTPUMAHUX Mate-
MaTHYHUX, EKCTIePUMEHTAITbHO-CTATUCTHIHUX
MOJETISIX Ta CIELiali30BaHOMY IPOTPAMHOMY
KOMILIEKCI, SIKa 1a€ MOXKJIMBICTh CTBOPIOBATH 0a3y
JTaHUX 110 KPUTHUYHUX JTiala3oHax 3MiHU IapaMeT-
piB 30BHINTHIX TEPMIYHUX BIUTMBIB Ta KEPOBAHUX
TEXHOJIOTIYHMX TapaMeTpax 3apsmiB CyMillleH,
MEPEBUILEHHSI SKUX MPHU3BOAUTE 10 MOYKEKOHE-
Oe3nevHnx pyiHyBaHb BUPOOIB.

3. TlokazaHo, MmO TNpaKTHYHE BHKOPHC-
TaHHS PO3POOJICHOT METOUKH y BHUTJISAL 3aC001B
KOHTPOJIF0O Ta TEXHOJOTIYHUX PEKOMEHIAIIM
JI03BOJISIE 3HKYBATH TOXKEXKHY HeOe3MeKy Iipo-
TEXHIYHUX BHUPOOIB (OCBITIIOBAJILHUX, CUTHAJb-
HUX, TpacyBaJbHUX MATPOHIB Ta CHAPSIIIB, 3aIa-
JOBIBHUX 3acO0IB TOIO) B YMOBaX 30BHINTHIX
TepMIYHUX M y 2...3 pa3mu.

IlepcnekTHBH MOAANBIIMX AOCTIIKEHD.
[lepcneKTHBHUM HampsSMOM € MOJAJIbIIE TpaK-
TUYHE 3aCTOCYBaHHS OTPHMAaHHX pe3yJbTarTiB,
IO TIOJISITae y PO3pOOIli Ta BIPOBAKEHHI:

— HAayKOBO OOIPYHTOBaHOi METOJMKH BU-
3HAYEHHS KPUTUYHUX 3HAUYEHb NapaMeTpiB 30B-
HIIIHIX TEPMIYHMX BIUIMBIB 1 TEXHOJOTTYHHX
XapaKTepUCTUK 3apAiB MIPOTEXHIYHUX CyMilIel
3 TIOPOIIKiB MarHit0, aJIFOMIHIIO Ta OKCHIIB METa-
JIB, TIEPEBUINCHHS SKUX MPHU3BOJUTH JO iX Te-
pendyacHoOro CIpalbOBYBaHHS Ta MOXKEKOHEOEe3-
MEYHOTO PYyHHYBaHHS BUPOOiB;

— 3ac00iB KOHTPOJIO 1 TEXHONOTIYHUX pe-
KOMEH/AIN, 10 03BOJISIOTh 3HU3WTH  BIPOTif-
HICTh TOXEKOHEOE3MEUHNX PyHHYBaHb MipPOTEX-
HIYHUX BHPOOIB mpH 30epiraHHi Ta TPaHCIOPTY-
BaHHI 3 YypaxyBaHHJIM 30BHIIIHIX TEPMiYHHX
BIUTUBIB y 2...3 pasm.
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TECHNIQUE FOR DETERMINATION OF CRITICAL VALUES
OF PARAMETERS OF EXTERNAL THERMAL ACTIONS
ON PYROTECHNICAL METAL OXIDE PRODUCTS IN OPERATING CONDITIONS

Ignition and subsequent fire and explosion destruction of products are preceded by external
thermal actions to which they are exposed. This leads to premature ignition and explosive develop-
ment of combustion of mixtures that are part of the products, and their subsequent flammable destruc-
tion. Therefore, techniques of prevention of forced premature fire-hazardous destruction of products
in case of external thermal actions are of practical importance. They should be based on scientifically
sound methods for determining critical values of thermal effects on products and technological pa-
rameters of mixtures, exceeding which leads to premature fire-hazardous destruction of products.

The aim of the work is to develop a technique for determining the critical values of external
thermal influences and controlled technological parameters of mixtures, which lead to premature
ignition and explosive combustion of pyrotechnic mixtures of magnesium, aluminum and metal oxides,
and ultimately to flammable destruction of products.

A specialized software package of four standard packages of applications is formed. It consists
of 80 individual software modules on modern numerical methods (nonlinear thermal conductivity
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and diffusion, thermo-gas dynamics, chemical kinetics, mathematical processing of experimental data,
etc.), which are focused on the personal computer that allows to solve in the mode of dialogue
and real time typical engineering and technological problems of fire safety of various pyrotechnic
mixtures.

A new scientifically sound technique based on the obtained mathematical, experimental and sta-
tistical models and specialized software in the form of four standard application packages has been
developed. It allows in dialogue and real-time modes on the PC to form the necessary for practical use
database of critical ranges of changes in the parameters of external thermal actions and controlled
technological parameters of charges of mixtures, exceeding which leads to flammable destruction
of products.

It is shown that practical use of the developed technique in the form of means of control and
technological recommendations allows to increase fire safety of pyrotechnic products (lighting, signal,
tracer cartridges and shells, incendiary means, etc.) in the conditions of external thermal actions
in 2... 3 times.

Keywords: fire safety, pyrotechnic mixtures, ignition and combustion processes, powders
of metal fuels and metal oxides.
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KIHETUKA OKACHIOBAJILHOI JETPAJIALIT
METHJIOBOI'O OPAHJKEBOT'O 3 BUKOPUCTAHHSIM MPOLECY “COHOITEPOKCAT”

Heoonikamu gomoxamanimuunux ma @Denmon-nodibHUx nepedosux npoyecié OKUCHEHHS.
0apBHUKIE € BUCOKI eHeP2OSUMPamu ma 00820MPUBATICIND, WO 3YMOBIEHO YIMBOPEHHAM MINbKU 00HO-
20 OCHOBHO20 PeaKkyilinoco 8udy — 2iOPOKCUTLHUX PAOUKaie. [l 30inviuents weuoxocmi deepadayii
a300apeHUKi8, 30Kpema memunoeo2o opardxiceéozo (MO), enepue 6y10 3anponoOHOBAHO BUKOPUCTIOBY-
samu nepedosuil npoyec oxuctenns **Cononepoxcam” (ynompaszsyx/Hy0,/KI0,), nio uac peanizayii
K020 hopMYEMbCA KOMNIEKC PEaKyiliHux 8Udi8, KUl BKAIOUAE K pAOUKAnU (L0OUlbHI, NeploOUTbHI,
2IOpOKCUNbHE), MAK | GUCOKOGKMUBHY CHONYKY MONEKYIAPHO20 muny (cumenemuuti Kucens — "Oy).
Bcmanoeneno payionanvui ymosu okuchioganvroi deepadayii MO: nouamxosa xonyenmpayis MO
Y 11020 800HOMY PO3HUUHI — 76,5-10° moav/om®; monvue cnigsionowenns MO:H,0,:K10,=1:50:10;
pH peaxyiiinoco cepedosuwya — 3,00; memnepamypa cepedosuwa — 293 K; numoma nomyodicHicmo
VIbMpas8yko8o20 Kagimayiiinozo 06pobents — 68,0 Bm/om®. Busnaueno koHcmanmy wieuoKocmi
okucHiosanshoi deepadayii MO, sxka 3a payionanshux ymos dopisniosana 2,883-10° ¢, Cunepeemuu-
Hull eghexm, 3ymosnenutl kombinayicio 0ii yrompaseykoeoi kasimayii ma npoyecy H,O,/KIQy, oxapa-
KMEPU30B6AHO 3HAUEHHSIM CUHep2emuyHo2o Koegiyienma, axuil dopieniosas 1,62. Ha ocnogi pesynnb-
mamig UV/Vis- ma [9-cnexmpockonii niomeepoiceno pytiHysanHs azo03e6 ’si3ky y moaekyiax MO ma
Oezpadayiio bapsuuxa. 3a pezyromamamu ioenmupixayii GynkyionarbHux epyn inmepmeodiamie me-
mooom 14-cnekmpockonii 3anponoHO8AH0 MONCIUBUTL ULISAX OKUCHIOBATbHOT deepadayii MO 3 euro-
pucmanuam npoyecy “*Cononepoxcam’, saxuil HOCIIO0BHO BKIHOYAE PO3PUBAHHI A3038 A3KY, deMemu-
JNIOBAHHS NEPEUHHUX AMIHIG, 0eAMIHYB8AHHS AMIHONOXIOHUX OeH3eHYy, PO3KPUMMs OeH3eH08020 Kilblsl
3 YMBOPEHHAM NIHIHUX CRONYK Ma MIHepanizayito OCIMaHHix.

Knrwuogi cnosa: azobapsnuxu, oKucHio8aibia decpadayis, KOHCMAHMAa weuoKocmi, yiompa-
38yko8a kagimayis, nepuooam, UV/Vis-cnexkmpockonis, [4-cnexkmpockonis.

Beryn. Ilotpamsiaas — Bucokosabapsiie-  PesymbraToM cTae 3arubenb KiIBKOX PiBHIB Op-
HUX CTIYHHUX BOJ[ BUPOOHHWITB OapBHUKIB, TGKC-  TaHI3MIB TaKUX JIQHITIOTIB.
TWJIBHOI, IIENTFOJIO3HO-TIANePOBOi, (hapMaleBTH- TpanuuiliHi TeXHOJOTIYHI mporecu (aa-
HOI, Xap4oBOi, IepepoOHOi Ta IHINUX Tramysed  copOris, HOHHHA OOMiH, MeMOpaHHEe (ITBTPY-
IPOMHCIIOBOCTI y HPHPOJHI BOJOHMH CYTTEBO  BaHHS TOIIO) € BUCOKOBApPTICHUMH, XapaKTEpH-
3MEHIIY€E TPOHUKHY 3JaTHICTH CBITIOBOTO BH-  3YyIOThCS HAKONMYEHHSM ILIKiJUIMBUX OCAiB, SKi
mpoMiHIOBaHHSA. Lle 3yMOBIIOE 3HAUHE 3HIDKEHHS  jIuiie YacTKOBO IiIIAl0ThCs pexymeparii Ta yTu-
TNOTEHIIIANly POCIIMH, SKi BXOJATH IO CKIALy BOA-  jmizamii. ToMy Ha CHOTOAHI yBara JOCIIiJHHKIB
HUX CKOCHCTEM, 110 (OTOCHHTE3Y i, BIANOBIAHO,  cHpsAMOBaHA HA PO3POOIEHHS HOBUX TEXHOJOTiH
3MCHLICHHS BMICTY PO3YMHCHOIO KHCHIO Y BOIl  ouuiieHHs BOJ BiJ OapBHHKIB, siKi 6 mepenOaua-
[1]. AKYMYJ?’IHiH CHHTCTHIHHX GapBHUKIB, KaH-  ju He TIIBKKM BHJIy4€HHA OapBHHMKA 3 BOJHOTO
LEPOreHHa 1 MyTareHHa Jisi SKHX € 3aralbHOBI-  cepenoBHINA, @ if TAKOXK HOTO MiHEpami3aiio 10

AOMOIO, y BOIHUX CCPCAOBUINIAX MPU3BOIUTE ZI0  gyrjekuciaoro rasy, BOAM Ta IHIIUX HEIIKiJUIU-
iX HEMHHYYOro 3a7y4eHHs y TPOQiyHi JaHIOIH.
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BUX NPOAYKTiB. JI0 TaKWX CYy4acHUX TEXHOJOTIH
HaJIe)KaTh MEePeJIOBI TPOIIECH OKUCHEHHSI.

A300apBHUKH CTaHOBIATH MoHaA 50 % Big
yci€i HOMEHKIATypd CHUHTETHYHHX OapBHHKIB
[2]. Haituyacrime mias merpagamii a306apBHUKIB
BUKOPHCTOBYIOTH TaKi MEPEIOBI MPOIECH OKHC-
HEeHHs, K (orokarams [3-12], npouec denToHa
Ta ®enToH-ToAi0HI poriecw [13, 14].

Buacninok monaBanus 50 mr ¢ortokarai-
zatopa ZnO/CuO 10 50 cM® BOZHOTO PO3UMHY
KOHTO YEPBOHOTO (KOHLEHTpalis OapBHUKA —
50 MF/,Z[MS) BrpojoBxk 3000 ¢ nii BUAMMOro BH-
MIPOMIHIOBaHHS OYJIO MOCSATHYTO CTYIIEHS Ierpa-
nanii 6apeauka 91 % [10]. [TouatkoBe 3HAUYCHHS
pH BOJHOTrO pO34YKMHY KOHI'O YEPBOHOTO JIOPIiB-
HIOBAJIO 5,6.

3actocyBaHHS Tpouecy enekTpo-DeHToH
BIIpo70BXK 5400 ¢ 3yMOBHIIIO MTOBHE 3HEOAPBIICH-
HS BOAHOTO PO3YMHY METHIOBOTO OpPaHKEBOTO
[13]. YMOBH OKHCHIOBAIBHOI Jerpajiarii MeTH-
JIOBOTO OPAHXKEBOT'0 OYJIM TAKUMH: KOHLICHTPAITis
OapBHUKA — 75 M/, koHIenrparnis H,O, —
5.107 mons/am®; KoHUeHTpawis jioniB Fe?* —
10 moms/nv®; pH — 2,9; ryctuHa crpymy —
15 MA/cM?. TIpu oMy 3adikCyBay 3MEHIICHHS
3HaYEHHS XIMIYHOTO CIIOKMBAaHHS KHUCHIO PO3YH-
Hy Ha 95 %.

OCHOBHHMH HENONIIKAMH 3a3HAYCHHUX BH-
e MEePeOBUX IPOIECIB OKHCHEHHS € BUCOKI
E€HEepPrOBUTPATH Ta JOBIOTPUBAIICTh. JlOBroTpH-
BaJIICTh Jerpanaliii 0apBHUKIB 3 BUKOPHUCTAHHIM
¢dorokaraniTnuHnx Ta PEHTOH-MOAIOHUX MpOoLe-
CIB OKHCHEHHS BHU3HAYAETHCS, HacamIepes,
YTBOPCHHSIM TiJIbKU OJJHOTO OCHOBHOTO PEaKIIiii-
HOTO BHUJAY — TIAPOKCWIBHHX pagukaiiB. Tomy
aKTyalbHUM € PO3pOOJICHHS HOBUX IEPEIOBUX
MIPOIIECIB OKUCHEHHS, Wi 4ac peajizamii sSKux
TE€HEePY€EThCS KOMIUIEKC PEaKIiHHUX BUMIB — SIK
pajuKaliB, Tak i HepajaukaibHUX BUIiB. lle mo-
3BOJIUTh CYTTEBO 30UIBIIUTH HIBUJAKICTH Jerpa-
Jarii a300apBHUKIB.

HaykoBo-mocniiHOI0 Tpymnoro Tix KepiB-
HuITBOM mpodecopa O. Hamdaoui 6ys10 po3po6-
JICHO HOBUW TMEpEelOBUM MpPOLEC OKUCHEHHS —
nporec “Tlepokcat” (H,O./KIO,), vy sikomy mep-
foJaTh aKTHBYIOTH TimporeHy mepokcumom [15,
16]. Sk Hacnigok, POPMYETHCS KOMIUIEKC OKHC-
HUKIB, KM TOEOHYE SK pagukand (HomwibHi,
NepHOANIIBHI, TiAPOKCUIIBHI), TaK i BUCOKOAKTHB-
HY CIOJYKY MOJISKYJISPHOTO TUNY (CHHIJICTHUHN
Kkucenb —05). JIOCTiTHIKYA BUKOPHCTATH TIPOLIEC
“Ilepokcat” mnsi IHTEHCHBHOI Jerpajanii Tiasu-
HoBoro Gapsuuka Toluidine blue (korumenTparis
Gapsuuka — 10 mr/am’). Tak, Bike BIpogosxk 60 ¢
3a pH=5,4, Temmepatypu peakuiiHOro cepeno-

puma 298K 1 CIIIBBIJHOIIIEHHS
H,0, :10,=10:1 Oyno mOCATHYTO CTyNEHS Je-
rpazgaitii 6apBHuKa 98 %, a KOHIIEHTpaIlis 3araib-
HOT'O OPTraHiYHOTO BYTJICIFO MTPY I[bOMY 3MEHIIIH-
nack Ha 73 % [16].

[ToemHaHHA KUTBKOX CTpaTerii aKTHBAmii
neprHoaaTiB, HANPUKIIAA aKTUBALii TipOreHy Ie-
POKCHIOM Ta yNbTpa3ByKoBUMH (Y3) KOIMBaH-
HSIMH, 3yMOBIJIO ICTOTHE 30UTBIIIEHHS KOHCTaHTH
IIBUJIKOCTI 3HEOAPBIICHHS Tia3MHOBOTO OapBHUKA
METHJIICHOBOTO CHHBOTO, TIOPIBHSHO i3 BHKOPHC-
TaHHSM JIJIsl aKTUBAIli] TIepHOaTiB TITBKU OJTHOTO
(akropa. Tak, KOHCTaHTa IIBHUAKOCTI 3HEOApB-
JICHHS] METUJICHOBOTO CHUHBOTO Y BUIAAKY: aKTH-
Bariii mepitonatie V3-konmuBanusmu (Y3/KIOy)
nopiBrroBana 3,781-10° ¢, akruauii rigporeny
nepokcunom (Hy0./KI0,) — 2,201-10° ¢*, xom-
6inoBanoi crparerii aktuBaitii (V3/H,0./KIO,) —
7,369-10° ¢ [17]. Cuneprernunuii xoedirieHT
mporiecy “Cononepokcat” (V3/H,0,/KIO,), pos-
paxoBaHWI Ha OCHOBI KOHCTAHT IIBHIKOCTI 3HE-
OapBileHHSI, TOpiBHIOBaB 3,25.

[lepcrieKTUBHUM HAINPSMOM  ITOAAJBIINAX
TOCITIKEHD € ampobaris mporecy “CoHOIepoK-
caT” musa jerpajariii He TUIBKH TPEICTaBHUKIB
KJlacy Tia3MHOBHX OapBHHMKIB, ane W OapBHHKIB
IHITTX KJIACiB — HAIIPHUKJIA, a300apBHUKIB.

Mera Ta 3aBIaHHSl JOCTiTKeHHA. Me-
TOI po0OTH OYyJIO JOCIHIPKEHHS BILTUBY HHU3KU
¢akropis (pH peaxuiiiHoro cepemoBuIa, MOJb-
moro criBBigHomenns GapBuuk:H,0,/KIO,, mu-
TOMOI TTOTY)KHOCTI YJIBTPa3BYKOBOTO KaBiTarliii-
HOTO OOpOOJICHHS, TOYaTKOBOI KOHIEHTpAIil
OapBHUKA y WOTO BOJHOMY PO34HMHI, TEMIIEpaTy-
pY CepenoBHUINla) HAa KIHETHKY OKHCHIOBAJTHLHOL
Jerpajaiii MoOHOa300apBHUKA METHUIIOBOTO OpaH-
xeoro (MO) 3 BukopucranasMm mporecy “Co-
HOIepokcar’.

Jnst mocsATHEeHHS 3a3Ha4eHOi METH HeoO0-
X1JIHO BUPIIIUTH TaKi 3aBJIaHHS:

1) BU3HAYUTH KiHETHYHI mapaMeTpu (KOH-
CTaHTYy IIBHIKOCTi, €(EKTUBHY €HEprito0 aKTHUBa-
1ii) oKMUCHIOBaIBHOI nerpanaitii MO 3 BUKOpHC-
TaHHAM Inpouecy “CoHonepokcar’;

2) po3paxyBaTd CHHEPreTHYHHN Koedilli-
ent nporuecy Y3/H,0./KIO, mist nerpamamnii MO;

3) 3a pesymbraTamu [Y-CreKTpOCKOIil
peakuiiiHoro cepegoBuma igeHTUdiIKyBaTH (Y-
HKLIOHAJIBHI TPYNH iIHTEPMEiaTiB i 3alPONOHY-
BaTH MOXJIMBHUM LIJIAX OKUCHIOBAJIBHOI Jerpa-
naiii MO 3 BukopuctanHsM nporiecy “CoHore-
poxcar”.

Marepiaau Ta Metoau AocigxeHb. Oc-
HOBHUMH €JIEMEHTAMH YCTaHOBKW JUIS JIOCIHi-

MOJIBHOT'O
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JOKCHb KIHETUKU OKUCHIOBAIBHOI Jerpanaiii MO
Oynu: CKJISIHUH  peakTop (V=250 cm);
VY 3-BUNIPOMiHIOBaY MAarHiTOCTPUKI[IHHOTO THITY
i3 6moxom >kuBienns “Ultrasonic Disintegrator
UD-20” (ITonpIia) 31 3MIHHOIO ITHTOMOIO ITOTYK-
HICTIO YJIBTPa3BYKOBOI'O KaBiTalliiHOro 00po0-
nensst (53,3; 68,0 i 83,3 Br/am°) ta miamerpom
po0oY0i YacTUHU KOHIEHTpaTopa Y3 (dacTora
V3-konmuBanb — 22 kI'r) 15 MM 1 rIuOMHOIO Horo
3aHypeHHs B po3umH 10+1 MM; TepMocTar
CORIO C-BT5 (JULABO GmbH) gust ctBopeH-
HS 130TEpMIYHHX YMOB Yy PEaKIiHHOMY cepemo-
BUII[i; MarHiTHa Mimanka. Peakrop momimanu y
BUHOCHY TEPMOCTaTHY KaMepy 3 TePMOMETPOM,
SIKOO OYJI0 OCHAIIICHO TEPMOCTAT.

150 cMm®  BogHoOrO po3unny MO 3
BiATIOB1THOTIO KOHIICHTPAIIIEI0 OapBHHKA
15 mr/am® (45,9-10'6 MOJ'IB/Z[Ma), 25 mr/am°
(76,5-10°° moms/mm’) a6o 35 mr/mom’®

(107-10°° monb/aM°) TOTYBaIM 3 BUKOPHCTAHHSM
JUCTUIHOBAHOI BOIM 3a IMOCTIMHOrO IEpeMilly-
BaHHA. [IpUrOTOBAaHMM PO3YMHOM 3aIOBHIOBAIH
CKJISTHUH peakTop (KoedillieHT 3aIIOBHEHHS peakK-
topa — 60 %). Peakiiii OKHMCHEHHS IHIIIFOBAIN
MTOCTIJOBHUM JIO3yBaHHSAM y BOAHHUH po3unH MO
meBHOTO 00°eMy 35 %-ro BOAHOrO PO3UMHY Tif-
poreny nepokcunay (Merck, Himedunna) ta meB-
HOI KINBKOCTI IIOPOIIKY KaJlifo Iepiomary
(Merck, HiMeuurmna) 3 iX MOJAJBIINM IIEPEMi-
myBaHHSIM. PH peakmiitHoro cepemoBuina (y aia-
nasoHi Big 3,00 mo 11,00) perymroBanu XJI0pua-
HOI0 KHUCJIOTOI abo HaTpito Tigpokcuaom. Jlis
BUMIpIoBaHHS PH BukopucroByBamu PH-meTp
ADWA AD1200 ATC (Yropmmmaa). 13oTepmiuHi
YMOBH 3a0e3MeuyBajii IIIIXOM TePMOCTATYBaHHS
PeaKIiitHOrO CepeIOBHINA Y CKIITHOMY PEaKTOPI.

KoMIuiekcoM ekcriepuMEeHTaIbHUX 0CTi-
JDKeHb OyIlo mepenbadeHo aHadi3 BINIMBY TaKHX
(hakTOpiB Ha KiHETHKY OKHCHIOBAJILHOI Aerpaia-
mii MO: 1)pH peakmiiiHoro cepemoBwuiia;
2) moapHOro cmiBeigHomenas MO:H,0,:KIO,,
sIKEe 3MIHIOBAIN y Mexkax Big 1:25:5 mo 1:100:20;
3) MUTOMOI MOTYKHOCTI YJIETPa3BYKOBOI'O KaBi-
TaliiiHoro o0poOIeHHs; 4) IOYaTKOBOI KOHIICHT-
pamii OapBHMKAa y WOro BOZHOMY pO3YHHI;
5) TeMmepaTypu cepeIoBHIIIA.

Uepes 3amaHi OpOMDKKH Yacy BiIOHpaIu
MIPOOH PEaKITIHHOTO CEPEIOBHINA, SIKi aHAJI3yBAIH
3 BukopuctanusM UV-Vis-cnekrpodoromerpa
UV-3100PC (Shanghai Mapada Instruments Co.,
Ltd.) 3 HaOopoM KBapIOBHX KIOBET TOBLIMHOO
lcm y nmiamazoni nmoxuH XBWiab Big 200 1o
1100 M. 3a pH=3,00 MakcHUMyM MOIJIMHAHHSI
MO signmosigae mosxuni xBuai 500 HM, a 3a
pH=7,00; 11,00 — momxuHi xBuii 464 um. baro-

XpOMHE (4YEepBOHE) 3MIllIEHHS MaKCHUMyMy IIOT-
nuHaHHs MO y KucmoMmy cepemoBuli Bix 464 10
500 HM oOyMoOBNIEHE MPOTOHYBAaHHSIM OapBHHKA
3a a30rpyIor0 3 YTBOPEHHSAM #oHa a3oHio [18].
Came 11 peakiiiiina ¢opMa € JOMIHAHTHOIO 3a
Hu3bkux 3HaueHb pH. Konunentpaniro MO o64u-
CIIOBAJIM HAa OCHOBI TOTEpPEIHHO MOOYJOBaHUX
KamiOpyBaJIbHUX KPUBHUX.

Cuneprernunnii koediuient npouecy (f)
V3/H,0,/KI0, mns merpamarii MO pospaxoBy-
BaJIM HA OCHOBI 3HAYCHb KOHCTAHT IIBUIKOCTI
kY3/H202 /KIOyg

f M)

Ky3m,0, +Kh,0,/k104 + Ky3kio,

OyHKUIOHANBHI  TPYNU  iHTepMeAiaTiB
OKHCHIOBaILHOI nerpanariii MO ineHTudikyBamm
Ha OCHOBI pe3ynbTaTiB  [Y-cmekTpockorrii.
IY-cnextpu po3unay MO (criekTpaiabHUH giamna-
30H — 4000...400 cm™) mix gac #oro OKHCHIOBa-
JLHOL Jierpajallii OTPUMYBaIN 3 BUKOPUCTAHHIM
I-Oyp’e crmektpomerpa Spectrum Two (Perkin
Elmer), ocHhameHoro yHiBepcaabHOIO IIPHCTAB-
KOIO TIOPYIICHOTO TIOBHOTO BHYTPIITHHOTO Bif-
OUTTS.

PesynbTaTH pociaigxkeHb Ta ix o0roso-
pennsi. Haitintencusnime aerpanariss MO Bin-
OyBamach y KucioMmy cepemoBuri, 3a pH=3,00
(pucynox 1).
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Pucynok 1 — 3anexxnicts koHuentpanii MO
B peakuiifHOMy cepe1oBHIi Big TpuBaiocTi
OKHCHIOBAJILHOI Ierpajaaiii 3 BAKOPUCTAHHAM
npouecy “CoHonepoxcar” 3a pi3HUX 3HAYeHb
pH cepenosuma (3,00...11,00):
(excrepuMeHTATbHI YMOBH:
CO(MO):76,5-1O'6 MOJIL/IIMS, MOJIbHE CIIBBiIHO-
menas MO:H,0,:K10,=1:50:10, T=293 K,
NMUTOMA MOTYKHICTh yJIBTPAa3BYKOBOI'0 KaBiTanmiii-
Horo o6po6.ienns — 68,0 Br/av’)
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Bnponosx 900 ¢ koMOiHOBaHOTO ynabTpa-
3BYKOBOT'O T4 pEareHTHOro 00poOJIeHHs! KOHIICH-
Tparis MO B peakiiiHOMY CEpeIOBHINI 3MCH-
HIWIACh Bix 76,5 10° 1o 11,5 10°® mons/mm® (pu-
CyHOK 1), IO €KBIBAJICHTHO CTYIICHIO OKHCHIO-
BanmpHOI Aerpanamii 84,9 %. 306inbpinenas TpuBa-
nocti obpobnenns mo 1800 ¢ mpus3BoaMiIO 10
3pOCTaHHs CTyIeHs nerpaaaiii 1o 89,4 %.

Pe3ynbraru, siKi HaBeIEHO HAa PUCYHKY 2,
BKa3yIOTh Ha Te, 10 Jerpaaamnis MO 3 BHKopuc-
TaHHAM Tpouecy “CoHomepokcar” TpOTIKae K
peaKilis TCEeBJIONEPIIOro MOpSAKYy. 3i 3pOcTaH-
usam pH cepenopumia Bix 3,00 g0 7,00 BHACIHIIOK
3actocyBanHs mporecy Y3/H,0,/KIO, koHcTaH-
Ta IIBUAKOCTI OKHCHIOBaIBHOI nerpaganii MO
3menmryBanack y 31,8 pasu — Bix 2,883-10° g0
9,067-10° ¢! (pucynok 2). IlogansIie 3pocTaHHs
pH peakuiiinoro cepemosuma go 11,00 mpusso-
JIAIIO JIO 3MEHIICHHS KOHCTaHTH IIBHJKOCTI Jie-
rpagaii MO Ha 7,2% — Bim 9,067-10° 10
8,455-10° ¢ ™.
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Pucynok 2 — Jliniiini anamop¢o3u KiHeTHUHUX
KPHBHX OKMCHIOBAJILHOI Aerpaganii MO
(BummB pH peakuiiinoro cepearoBuina)
(eKcepUMEHTAJIbHI YMOBH:
Co(MO)=76,5-10"° mosb/am°, MoIbHe criiBBixHO-
menast MO:H,0,:K10,=1:50:10, T=293 K,
MUTOMA MOTYKHICTDb YJbTPa3ByKOBOI0 KaBiTamiii-
HOTro 06poGenns — 68,0 Br/av®)

CyrreBe 3MeHIIEHHS e(QeKTUBHOCTI (BiX
89,4 o 5,6 %) Ta iHTeHCHMBHOCTI nerpagamii MO
B nyxHoMy cepenosuii (pH=11,00) 3ymoBnene
YTBOPEHHSIM KapOOHATHUX PaJuKalliB — CIAaOLIINX
OKHCHHMKIB, MOPIBHSHO 3 TIAPOKCHUIBHUMH Pajiu-
KaJaM{ Ta CHHIJIETHUM KHCHEM, 110 € OCHOBHH-
MH peakUiiHMMH BUAAMHU IEPEIOBOrO MPOIECY
okucHeHHa “Conomepokcat” [17]. YTBopeHH:s
KapOOHATHHUX PaJIMKANiB — PE3yJbTaT MOTJIHHAH-
HS TIOPOKCHIBHUX PaJUKaNIiB Ta CYHEPOKCHIHO-

T'O aHiOHa-paJuKana, SIKUH € MONePeTHUKOM CHH-
[JIETHOTO KHCHIO, TiAporeHkapOoHar- i kap0o-
HaT-HoHamH. Li HoHM QOPMYIOTHCS 3 BYTJICKHC-
JIOTO Tazy, IO € IPOAYKTOM MiHepanizauii MO.

30UIBIIEHHS MOJIBHOTO CIIIBBIJIHOIIEHHS
MO:H,;0,:KIO,4 Bix 1:25:5 mo 1:50:10 mpusso-
IWI0 10 30UIbIIEHHS KOHCTAHTHU IIBHUIAKOCTI
okucHIOBaNbHOI nerpagauii MO y 7,3 pasu — Bix
3,971-10" mo 2,883-10° ¢ (pucynox 3). IMoga-
JIBINE 3OUIBIIEHHS MOJBHOIO CIIiBBIIHOIIIECHHS
MO:H,0,:KIO,4 1o 1:100:20 3ymoBitoBaio 3poc-
TaHHS KOHCTaHTH IMBHIKOCTI B 5,6 pa3u — Bix
2,883-10° o 1,622-107% ¢ ™.
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Pucynok 3 — Jliniiini anamop¢o3u KiHeTHIHUX
KPHBHX OKHCHIOBAJIBLHOI Jerpaganii MO
(BIUTUB MOJILHOTO CHiBBiTHOIIEHHS
MO:H,0,:KI10,)
(excniepuMeHTAJIbLHi YMOBH:
Co(MO)=76,5-10° mosn/am®, pH=3,00, T=293 K,
MUTOMA MOTYKHICTh YJIbTPa3ByKOBOI0 KaBiTauiii-
HOTO 06poG.TeHHst — 68,0 Br/am®)

[Ipu npomy BrpomoBxk 300 ¢ 0OpoOIICHHS
TOCSTHYJIM CTYTICHS OKWUCHIOBAJIBHOI Ierpajartii
MO: 124% (32 MONBHOIO CHiBBiAHOLICHHS
MO:H,0,:K10,=1:25:5); 66,0 % (3a MoaBHOTO
cruiBBignomenuss  MO:H,0,:K10,=1:50:10) i
99,2 % (3a MOJILHOTO CHIBBIIHOIIEHHS
MO:H,0,:K10,=1:100:20). Ane mis 3MCHIIICHHS
co0IBapTOCTI OUYMIIICHHS 32 PaXyHOK 3MCHIICHHS
BUTPAaT OKHCHHUKIB (TiIpPOreHy MEpOKCHAY Ta
KaJiiio mepitonary) Oyno 3apoONOHOBAHO 30ib-
IIUTH TpUBaicTh npoiecy Bix 300 go 1800 ¢c. Y
TaKOMY BHIIAJIKY CTYIiHb aerpamariii MO 3a MOJb-
Horo cmiBBigHomenns MO:H,0,:K10,=1:50:10
3pocTaB Bix 66,0 mo 89,4 %.

3aneXHiCTh KOHCTAHTH IIBUIKOCTI OKHC-
HIOBanbHOI Aerpaganii MO Bix mUTOMOI MOTYX-
HOCTi yJBTPa3BYKOBOTO KaBiTaliiHOTO 00po0-
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JICHHSI MaJla eKCTPEMAIIbHUN XapakTep i3 MaKCH-
MyMoM 3a 68,0 Br/mv’. Tak, 31 30LIBIIICHHSIM ITH-
TOMOI MOTYXHOCTI Bix 53,3 10 68,0 Br/am® kon-
CTaHTa IIBUAKOCTI 3poctania Ha 354 % — Bix
2,130-10° 10 2,883-10°° ¢ (pucyHok 4). Iloxa-
JbIe  30UIBIICHHS IHUTOMOI TMOTYXKHOCTI [0
83,3 Br/nm® MPU3BOAWIO 0 3MEHIICHHS KOHC-
TaHTH mBUAKocTi nerpaxanii MO wa 19,4 % -
Bin 2,883-10° 10 2,323-10° ¢™.
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Pucynok 4 — Jliniiini anamop¢o3u KiHeTHYHUX
KPHBHX OKHCHIOBAJILHOI Aerpaganii MO
(BILUIMB MUTOMOI MOTYKHOCTI YJILTPa3ByKOBOI'0
KaBiTauiiinoro 06poGaennsi, Br/av’):
(eKcHepUMEHTAJILHI YMOBH:
Co(M0)=76,5-10"° mostn/am?,

MoabHe cniBBignomennsa MO:H,0,:K10,=1:50:10,
pH=3,00, T=293 K)

Hageniene Buie MOXXKHA TIOSICHUTH BHHUK-
HEHHsIM y pinkiii ¢asi 3a 3HAYCHH MUTOMOI I10-
TY>XKHOCTi TIoHaJ 68,0 BT/)IM3 SIBUIIA “BUPOKE-
HOI KaBiTauii” — reHepyBaHHs Ay>Xe ApiOHUX Ka-
BiTaIiiHUX Oy’ab0aIiok Ta ix arioMepariB, CTiii-
KUX 10 Jil MEXaHIYHUX, XIMIYHUX 1 TePMiUHHUX
(axropis [19]. Hagssuuaiina cTabinbHICTh TaKHX
Oynp0amok 3MeHIIye WMOBIPHICTH IX CILIECKY-
BaHHSA 1, BINOBIHO, €EKTUBHICTb Ta IHTCHCUB-
HICTh OKMCHIOBaJIbHOT fAerpanarii MO.

31 301IBIICHHSAM MTOYaTKOBOT KOHIIEHTpAITi1
3a0pynHioBaya (MoHoa3obapBHuka MO) y peak-
UifHOMY cepeloBHIIl 3a TMOCTIHHUX BHTpPAT
OKHCHHUKIB (rimporeny MEPOKCHTY
3,825-10° momb/nm®;  kamito  mepitomary
0,765-10'3 MOJ'IB/,Z[MS) KOHCTaHTa MIBUIKOCTI Je-
rpagauii MO 3meHmryBanace. Tak, 3a mo4aTKoBO1
KoHIeHTparii MO B peakiiiHoMy cepeoBHIIi
45,9-10° Monb/aM® KOHCTAHTA IIBUAKOCTI xerpa-

namii MO nopiBHIOBana 4,048‘10'3 c'l, 3a KOH-
HeHTparfii 76,5-10°° monn/nm® — 2,883-107° c'l, a
MOJIB/M°

3a  koHmenrpauii  107,0-10°
1,192:10° ¢! (pucyrok 5).
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PucyHnok 5 — Jliniiini anamop¢o3un KiHeTHYHHX
KPHMBHUX OKHCHIOBAJIbHOI Aerpaaauii MO
(BIJIMB M0YaTKOBOI KOHUeHTpalii MO B peakuiii-
nomy cepeosui, Co(MO)-10° mosn/am°)
(ekcmepuMMeHTAJIbHI YMOBH:
Co(H,0,)=3,825 MMOJIB/IM’,
Co(K104)=0,765 mmouan/mm®, pH=3,00, T=293 K,
MUTOMA NOTY:KHICTh YJIbTPa3BYKOBOI0
KaBitauiiiHoro oo6poodnenns — 68,0 BT/lIMs)

31 30UTBIIIEHHSAM TEMITEpaTypH PeaKIliiHo-
TO CepelOBHIa KOHCTAaHTa IIBHIKOCTI OKHCHIO-
BabHOI Aerpaganii MO MOHOTOHHO 3MEHITYBa-
mack. Tak, BHACIIOK TiABHINEHHS TeMIIEpaTypu
Bix 293 mo 308 K xoHCTaHTa MIBHIKOCTI 3MEHIIIH-
nack B 1,5 pasu — Bix 2,883-10° 1o 1,918-10° ¢*
(pucynok 6). Ilomanbiie miABUINCHHS TeMIIepa-
Typu 10 323 K 3yMOBIIOBasI0 3MEHIIEHHS! KOHC-
TaHTH mBUAKOCTI B 1,4 pa3u — Big 1,918- 10° o
1,373:10°° ¢™. Taxuit xapakrep 3aIeKHOCT] KOH-
cranTH mBUAKocTi aerpagamii MO Bin Temmnepa-
TypH PEaKUiiHOTO CepeAOBHILA MOKHA TOSCHH-
TH 301MBIIEHHSIM CTYIIEHS AMCOINamii TiaporeHy
MEPOKCUIY 3a KUCIOTHUM MEXaHi3MOM 3 YTBO-
pennsm H* i HO;. Ile mpu3BoauTh 10 HEMpO-
OYKTUBHOI BUTPATH TiApOTeHY MEPOKCHUIY i, BiJl-
TIOBITHO, 3MEHIIICHHSI CTYIIEHS HOT0 3aydeHOCTi
710 TeHEpPYBaHHS CHITbHIIITNX OKHCHHKIB, TAKHUX SIK
T1IPOKCUIIbHI, HOAMIIBHI pajiKand Ta CHHIJIET-

HUH  KHCEHb 3a  MEXaHI3MOM  MPOIECY
V3/H,0,/KI0, [17].
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Pucynok 6 — Jliniiini anHamop¢o3u KiHeTHYHHUX
KPHBHUX OKHCHIOBAJIbHOI Aerpaxanii MO
(BIUIUB TeMIepaTypH peaKkuiiiHOro cepe1oBUINA):
(eKcepUMEHTAJIbHI YMOBH:
Co(MO)=76,5-10"° mosb/am°, MoabHe criiBBixHO-
menns MO:H,0,:K10,=1:50:10, pH=3,00,
NMHUTOMA NOTY:KHICTh yJIbTPa3BYKOBOI0 KaBiTamiii-
HOT0 00po0JeHHs — 68,0 BT/uM3)

Ha mingcraBi 3aneXHOCTI, SIKY HaBEICHO Ha
PUCYHKY 7, pO3paxoBaHO 3HAYCHHS €(EKTHBHOL
eneprii akruBauii (E,) okucHrOBanbHOI nerpana-
uii MO i3 Bukopucranusm mnporecy “CoHornepo-
Kcar”’

E, =—Rtga=-8,314-2342112 =
~ —19472 JTx/Moib, 2

ne R — yniBepcanbHa ra3osa crana, [Ix/(monb-K)
(R=8,314 [Ix/(Monb-K)); tg o — TaHreHC KyTa
maxuny npsmoi In k=f(1/T) mo oci abemuc, K.
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5.8 . . . .
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Pucynok 7 — 3anexuicts In Kk Big 1/T

Bin’emHe 3HaueHHs eQeKTUBHOI eHeprii
aKTHBAIlll OKUCHIOBAILHOI nmerpanaitii MO i3 BU-
KOPHCTaHHSIM TIE€PE0BOTO IIPOLECY OKHCHEHHS
“Cononepokcatr” TOB’si3aHe 3 OaratocTaliiHic-
TIO [LOTO Tpolecy. Tak, 3amporOHOBaHUI Me-
xaHi3M mpouecy “CoHomepokcar” BKIIOYAE
32 peakuii 3a y4acTio paauKaiiB, 30KpeMa Tiapo-

rennepokcnaanx  (HO3) Ta  riapOKCHIBHHUX

(*OH) [17]. BigmosizHo 10 naHMX, SKi HpeacTa-
Bunu Mozurkewich i Benson y my6mikamii [20],
JI0 peaKIliii i3 Big’ €eMHUMH 3HAYCHHSIMH CHEPTii
aKTHBAIll HAJIEKATh B3aEMOIIS TiAPOKCHIHHHUX
panuKamiB 3 HITPaTHOI ab0 MEPOKCOHITPATHOIO
KHCIIOTOIO, & TaKOX JAWCTIPOTOPIIIOHYBaHHS Tifl-
POTEHICPOKCUIHUX paauKamB. Bix’eMmHi 3Ha-
YeHHSl eHeprii akTHBamii IMX peakuili aBTOpH
MOSCHWIIM YTBOPEHHSM CTaOlIbHUX HPOMIXXHHX
KOMILTEKCiB. VIMOBipHO, OKpemi cramii mporecy
“CoHomepokcar” 3a Y4acTIO TiAPOKCHUIBHUX Ta
TiIPOreHNEePOKCUAHNX PAIUKAIB € JIMITyI04H-
MH 1 came BOHH BU3HAYaIOTh Bij €MHE 3HAYEHHS
edeKTHBHOI eHeprii akTHBaIlii OKHCHIOBAIBHOI
nerpanarii MO.

BcraHoBiieHo, 1o cTymiHb aerpaaamii MO
3 BukopuctaHHsaM mporeciB  Y3/H,0./KIO,,
H,0./KI0,, Y3/KIO, ta VY3/H,O, Bmpomosk
1800 ¢ (pucyHok &) IOpiBHIOBAaB BiAIOBITHO
89.,4; 83,7; 5,3 Ta 4,4 %.
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Pucynok 8 — Kineruuni kpusi gerpagauii MO
3 BUKOPHCTAHHSAM NPOLeCiB:

1 -VY3/H,0,/KIOy; 2 — H,0,/KIO,;
3-V¥3/KIO,; 4 - Y3/H,0,
(excnepuMMeHTAJbLHI YMOBH:
Co(MO)=76,5-10"° mostb/mm°, MoIbHE cHiBBixHO-
mwennst MO:H,0,:K10,=1:50:10, pH=3,00, T=293 K,
NMUTOMA MOTY:KHICTH yJIBTPa3BYKOBOI0 KaBiTauiii-
HOro 06poG.renns — 68,0 Br/am®)
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KoHcTanTa MIBUIKOCTI OKUCHIOBATIBHOI Jie-
rpagarii MO 3 BHKOpHUCTaHHSIM IIPOIICCIB
Y3/H202/K|O4, HQOQ/K|O4, Y3/K|O4 Ta y3/H202
(pucyHok 9) nopiBHIOBaNma BimmosigHo 2,883-107;
1,721-10%; 3,250-10°1 2,712-10° ¢™.
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Pucynok 9 — Jliniiini anaMop¢o3u KiHeTHYHHX
kpuBux aerpaganii MO 3 BUKOPHCTAHHAM
HpOIIeCiB: 1- Y3/H202/K|O4, 2- H202/K|O4,
3-V¥3/KIO,; 4 - Y3/H,0,
(eKcHepuMeHTAJIbHI YMOBH:
Co(MO)=76,5-10"° mosb/am°, MoIbHe criiBBiTHO-
mennsa MO:H,0,:K10,=1:50:10, pH=3,00, T=293 K,
MUTOMA MOTYKHICTh YJIbTPa3BYKOBOI0 KaBiTamiii-
Horo o6poG.ennsi — 68,0 Br/am’)

CuHepreTuuHuil eeKT, 3yMOBICHUN KOM-
OiHawiero nii ynbTpa3BYKOBOi KaBiTawii Ta Impo-
ecy H,O,/KI10,, oxapakrepn3oBaHO 3HAUYEHHIM
cuneprerinyHoro koedinienta (f), sxkuit oOumc-
JIIOBAJIM HA OCHOBI 3HAYEHb KOHCTAHT IIBUAKOCTI
nerpaaarii MO 11st OKpeMHX IpOIIECiB

‘ 2,883-107° _
2,712-107° +1,721-107 +3,250-10°°
=1,62. 3
OTxe, 3anpoNOHOBaHHMN KOMOIHOBaHUIA

nepenosuii mporec okucHeHHs (Y3/H,0,/K10,) €
3HAYHO IHTCHCHBHIIIMM Ta €()EKTUBHIIINM, IIO0-
PIBHSHO 3 OKPEMUMH MPOIECaMH, SKi BHKOPHUC-
Tamu IS Woro po3pobneHHs. lle miaTBepmkeHO
3HAYCHHSIMH KOe(illieHTa CHHEPTi3My Ta CTYTICHS
OKHCHIOBaNbHOI Aerpanaii MO.

Ha pucynky 10 naBeneno UV/Vis-cnekrpu
OKHCHIOBaJIBHOT fierpaaitii MO 3 BUKOPUCTaHHIM
nporiecy Y3/H,0./KIO,;. dnms MO xapakTepHi
MaKCUMyMH (ITiKW) TIOTJIMHAHHS 33 JIOBXKWHH XBHU-
mi 500 M (y kucIOMY cepeoBHILi) a0o 464 HM (y
HEHTpaJIbHOMY Ta JIY’)KHOMY CEpEIOBHII). 3Mi-
HICHHS MaKCHUMyMy moriuHaHHs MO y KucjioMmy

CepeIOBHIIl B 001aCTh OUIBIIMX JTOBXUH XBHJIb
(i 464 mo 500 HM), Tak 3BaHe OATOXpPOMHE (Uep-
BOHE) 3MIIEHHS, 3YMOBIIEHE IPOTOHYBAHHIM
OapBHHKa 3a a30TPYINOK 3 YTBOPEHHSM HOHA
asonito [18]. Ilikm 3a mOBKHMH XBWIb 464 i
500 HM BiAMOBIZAIOTH N — 7 MEPEXOXAM Y XPO-
MopHHuX N=N i C=N rpymax [21].

[Tix gac okumcHIOBaNBHOI nmerpanaitii MO 3
BukopucTtanusam mporecy Y3/H,0./KIO, cmo-
cTepirany TilCOXpOMHE (CHHE) 3MILICHHS MaK-
cumyMmy nornmHanHs Bifg 500 mo 464 HM (pucy-
HOK 10), 110 OyJI0 3yMOBIJICHO JAENPOTOHYBAaHHIM
MO 3a azorpymnor. Kpim Toro, 0yino 3adikcoBa-
HO CYTTEBE 3MEHIICHHS IHTEHCHUBHOCTI TOTJIH-
HaHHA (TIMOXpPOMHHMH eQeKT) fK 3a JOBXKHUHHU
xBuai 500 uM, Tak 1 3a 464 uMm. Taki 3MiHH
UV/Vis-ciekTpiB CBig4aTh Mpo pyHHYBaHHS
xpoMo(opHUX Tpyn OapBHUKAa — BiAMOBIAHO,
C=N Ta azorpymu (N=N) [18, 21]. 3a3naucHe
OyJIo MATBEPIKEHO 3HEOAPBICHHIM PEaKI[iiHO-
ro cepenoBUIa. 3MEHIICHHS IHTEHCUBHOCTI TIOT-
JUHAHHA y  Jiama3oHi  JOBXKHUH  XBHIIb
250...300 uM, 1110 BIAMOBIAAIOTE T — T nepexo-
naM y OCH3eHOBHX (apOMaTHYHUX) KUTBILIX [21,
22], BHACHIIOK 3acTocyBaHHS mporiecy “CoHorre-
pokcar” moHaiiMeHme BIpoaosxk 900 ¢ Bkazye
Ha PO3KPUTTA apoMaTHdHUX (OCH3EHOBHX) Ki-
JIeIb 3 YTBOPCHHSAM JTHIMHUX TpoxykTiB. lle
OIOCEPEKOBAHO CBIYHTH IPO MiHEPaITi3aIlito
OapBHUKA.
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Pucynok 10 — UV/Vis-cneKTpu 0KHCHIOBAJILHOT
nerpaganii MO 3 BUKOpHCTAHHSAM TpPoOIIeCy
VY3/H,0,/K10,
(ekcnepHMMeHTAJILHI YMOBH:
Co(MO)=76,5-10"° mostb/mm°, MoIbHE cHiBBixHO-
menna MO:H,0,:K10,=1:50:10, pH=3,00, T=293 K,
NMUTOMA MOTY:KHICTH yJIbTPa3BYKOBOI0 KaBiTamiii-
HOro 06poG.renns — 68,0 Br/am®)
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Ha pucynky 11 nHaBeneno pesynbratu [4-
CIIEKTPOCKOMIl I OKHCHIOBAIBHOI Jerpanartii
MO 3 BukopucTanusam mporecy Y3/H,0,/KIO,.
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Pucynok 11 — I'Y-cieKTpH OKHCHIOBAIBHOL
naerpaganii MO 3 BUKOpPHCTAHHSAM Npolecy
Y3/H,0,/K10,4
(ekcriepuMeHTAJbHI YMOBH:
Co(MO)=76,5-10"° mos1b/am°, MoIbHe criiBBixHO-
mwennst MO:H,0,:K10,=1:50:10, pH=3,00, T=293 K,
MUTOMA MOTYKHICTh YJIbTPa3BYKOBOI0 KaBiTamiii-
HOT0 06poGenns — 68,0 Br/av®)

Amnani3 [U-criekTpy mo4aTkoBOTO BOJHOTO
po3unHy MO 10 HOro CyMiCHOTO KaBiTaIliitHOTO
Ta peareHTHOT0 00pobieHHs (0 ¢) CBiAYUTH MPO
HasBHICTH MIKIB 3a 3222 CM'l, 1[0 BKa3ye Ha Ba-
neHTHI KommBaHHI N-H y BTOpMHHHX amimax, i
1635 cM™, 1m0 BKa3dye Ha BAJICHTHI KOJHBAHHS
C=0 B amimax 1 C=C B ankenax. Ilicaa 300 c
Bukopuctanus mporecy Y3/H,O0./KIO, xpim
mikiB 3a 3222 cm™’ i 1635 cm” (iHTeHCHBHICTD
MKy JIeNo 3pocrana, nopiBHIHO 3 [Y-cmekTpom
HeoOpoOIeHOT0 BOAHOTO po3unHy MO), BHHUKAB
mK 3a 2967 CM'l, IO BIANOBIAAB BaJIECHTHHUM
acuMeTpuyHuM KonmBaHHsM C-H B ankaHax.
30inpmieHHs TpuBajgocti oummieHHs g0 900 ¢
TIPU3BOIIIO 0 3HUKHEHH MKy 3a 3222 cm™. Ile
MIATBEPIKYE pO3pHBaHHA a303B’s3ky [1, 23].
Kpim Toro, na [U-cnexTpi peakuiifHOro cepeno-
BHIIIA, 00poOeHoro BrpomoBxk 900 ¢, 3’IBIIBCA
mk 3a 3257 CM'l, IO BIAIIOBiZaB BaJICHTHUM KO-
nuBaHHAM N—H mepBHHHUX apOMaTHYHUX aMiHIB
[1]. HasBHicTs miky 3a 2956 cM™ BKasyBamo Ha
BaJICHTHI acuMeTpuuHi konuBanHs C-H B ajka-
HaX, a MKy 3a 1635 cM™ — Ha BaNeHTHI KOJIMBaH-
Hg C=0 B amigax 1 C=C B ankenax. Ilicis 3acto-
cyBaHHs Tiporiecy “‘CoHomepokcaTr”’ BIPOIOBXK
1200 ¢ Ha IY-cmexTpi 3HMKamu miku 3a 3257 i

2956 CM'l, a IHTEHCUBHICTh MKy 3a 1635 CM'l, 110
BinnoBigaB BajeHTHUM KoiuBaHHsIM C=0 B awmi-
nax 1 C=C B aJikeHax, JCII0 3MCHIIYBAJIACh, IO
BKa3zyBajo Ha ix MiHepaiizamiro. HatomicTh
3’aBaABCA MK 3a 3265 CM'l, 1[0 BIJIOBIIaB Ba-
neHTHUM KonmBaHHsIM =C—H B anmkenax. 3a3Ha-
YCHE BUIIE CBIIYUTH, IO TiJI YaC OKUCHIOBAIBHOT
nerpaganii MO 3 BHKOPHCTaHHSIM TIPOIIECY
V3/H,0,/KI0,; mocmifnoBHo BigOyBarOTECS pPO3-
pHUBaHHS a303B’SI3KYy, JICMETHJIIOBAHHS IIEPBHH-
HUX aMiHiB, leaMiHyBaHHS aMiHOMOXITHUX OCH-
3¢HY, PO3KPUTTS OCH3CHOBHX KiJeIb 3 YTBOPCH-
HAM JTIHIHHUX CIOJNYyK Ta MiHEpasi3allis OocTaH-
Hix. HeoOXiHO 3a3HAaYNTH B3a€MOY3TOKEHICTh
pesyibtatie UV/Vis- ta TH-criextpockorrii.

BucnoBku. HaykoBa HOBH3HA poOOTH T10-
JsTa€ y TOMY, 10 BIepIne OyJio BU3HAYCHO KiHe-
TUYHI TapaMeTpy (KOHCTAHTY IIBUIKOCTI, eek-
THBHY CHEPTil0 aKTHBAIlil) OKHUCHIOBAJIBLHOI Je-
rpanamii MoHoazobapBHuka MO 3 BHKOpPHCTaH-
HaM nporecy Y3/H,0,/KI10,.

BcranoBneno parioHaabHI YMOBH OKHC-
HIOBaJbHOI Aerpanaitii MO: mo4aTkoBa KOHIICH-
Tpawis MO y #oro BOZHOMY pO34YHMHI
76,5-10'6 Monb/z[M3; MOJILHE  CITIBBIJIHOIIIEHHS
MO:H,0,:K10,4=1:50:10; pH peakiiiHoro cepe-
nosuma — 3,00; TemmepaTypa cepenoBuIIa —
293 K; muToMa NOTYXHICTh YJIBTPa3ByKOBOTO
KaBiTauiiiHoro oGpo6nenns — 68,0 Br/om®. 3a
TaKuX YMOB KOHCTaHTa IIBHIKOCTI JOpiBHIOBajIa
2,883-10° ¢!, Cunepreruunnii edexr, 3ymoBIe-
HUH KOMOIHAI€0 il yabTPa3BYKOBOI KaBiTallil
ta mporecy H,O,/KIO,, 6yi10 oxapakrepr3oBaHo
3HAYEHHSIM CHHEPTeTHYHOro KoedilieHTa, sSKuit
nopiHioBaB  1,62. Ha ocHOBI pe3yibraTiB
UV/Vis- Tta TY-cekTpocKOIil MmiATBEPIKEHO
pyHHYBaHHS a303B’s3Ky y Mojekyiax MO ta
nerpafanito OapHuka. Inentudikanis ¢yHkmio-
HaJTBbHUX TpPyNm IiHTepMexdiaTiB wMeromom Y-
CIEKTPOCKOIIIi Jiaia 3MOTy 3aIlpONIOHYBATH MOX-
JUBUHU TUIAX OKHCHIOBAJBHOI jaerpamairii MO 3
BUKOPHUCTaHHAM Ipolecy “CoHonepokcar”’, SKUi
TIOCITIIOBHO BKJIIOYA€ PO3PHUBAHHSA a303B’SI3KY,
JEMETHIIIOBAHHS TICPBUHHUX aMiHIB, JeaMiHy-
BaHHS aMiHOIOXITHUX OCH3EHY, PO3KPHUTTS OCH-
3CHOBHX KUIEIb 3 YTBOPEHHSM JIIHIHHAX CITOJIYK
Ta MiHEepaIi3alio OCTaHHIX.

PesynbTaTi KiIHETUYHUX JOCHIKEHb OKHC-
HIOBaJIBHOI Jierpanallii a300apBHHUKIB 3 BHKOPHC-
taruaM mporiecy Y3/H,0,/KI0, cranyTs miarpyH-
TAM JUIA pealtizaiii 1bOro MepeIoBOro MPOLECY
OKUCHEHHS y ITPOMHUCIIOBUX MacIITadax.

[lepcrieKTHBHUM  HANpPsIMOM  TTOAAJBIITHX
JOCHIDKEHb € KOMOiHALisl yIbTPa3ByKOBOI aKTH-
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Balii mepHoJaTiB 3 aKTHUBALIEI0 CIHOIYKaMH
d-enemeHTiIB.

PoGoty BMKOHaHO 3a TiATPUMKHA MiHic-
TEPCTBA OCBITH 1 HAYKH YKpPaiHHU y MEXKaX MPOEK-
Ty HaAyKOBOi poOOTH MooauX BUeHHX “IlepemoBi
NPOIIECH OKMCHEHHS, 30KpeMa HAaHOKATATI THIHO-
ro, B OCHOBI KaBITAI[IHHUX TEXHOJOTIH OYHMIIEH-
HS BOJHUX CEPEJOBHIN BiJl PE3UCTCHTHUX
N-3aMimeHnx opraHigHuX CIONyK’ (HOMEp aep-
xaBHO1 peectpauii 0122U000790).

ABTOpH BHCIIOBIIOIOTH TIOJISIKY KOJIEKTUBY
LIKKHO “Jlabopartopisi NepCIeKTUBHUX TEXHO-
JOTi CTBOpPEeHHA Ta (hi3WKO-XIMIYHOTO aHaTi3y
HOBHX PEUYOBHH i (DYHKIIOHATFHUX MaTepiajiB”
npu HamionaneHoMy yHiBepcuteTi “JIbBiBChKa
MOJIiTeXHIKa” 32 e()eKTUBHY CITIBIIPAII0 Ta BCE-
OlYHY MIATPUMKY IIiJi 4ac BUKOHAHHS EKCIepH-
MEHTAJIbHUX JTOCTIIKEHD.
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KINETICS OF OXIDATIVE DEGRADATION OF METHYL ORANGE
USING THE “SONOPEROXATE” PROCESS

Disadvantages of photocatalytic and Fenton-like advanced oxidation processes of dyes are high
energy consumption and long duration, which is due to the formation of only one main reactive spe-
cies — hydroxyl radicals. To increase the degradation rate of azo dyes, in particular methyl orange
(MO), it is proposed for the first time to use the “Sonoperoxate” advanced oxidation process (ultra-
sound/H,0,/KIQ,), during the implementation of which a complex of reactive species is formed, which
includes both radicals (iodyl, periodyl, hydroxyl) and a highly active compound of molecular type
(singlet oxygen — 0,). Rational conditions for the oxidative degradation of MO are established: the
initial concentration of MO in its aqueous solution is 76.5:10° mol/L; the molar ratio of
MO:H,0,:K10,=1:50:10; the pH value of the reaction medium — 3.00; the temperature of the
medium — 293 K; the specific power of ultrasonic cavitation treatment is 68.0 W/L. The oxidative deg-
radation rate constant of MO, which under rational conditions is equal to 2.883.10% s, is determined.
The negative value (-19472 J/mol) of the effective activation energy of the oxidative degrada-
tion of MO using the “Sonoperoxate” advanced oxidation process is associated with the multi-
stage nature of this process. The synergistic effect, which is due to the combination of the action of
ultrasonic cavitation and the H,O,/K10, process, is characterized by the value of the synergistic coef-
ficient, which is equal to 1.62. Based on the results of UV/Vis and IR spectroscopy, the destruction of
the azo bond in molecules of MO and the dye degradation are confirmed. According to the results of
the identification of the functional groups of intermediates by the IR spectroscopy method, a possible
pathway of oxidative degradation of MO using the ““Sonoperoxate” process is proposed, which se-
quentially includes breaking the azo bond, demethylation of primary amines, deamination of amino
derivatives of benzene, opening of the benzene ring with the formation of linear compounds, and their
mineralization.

Keywords: azo dyes, oxidative degradation, rate constant, ultrasonic cavitation, periodate,
UV/Vis spectroscopy, IR spectroscopy.
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